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‘present 3 35-year-lift lock system. ay utilize the old system for | Standby cc 
; service, one low-lift lock will be abandoned and the lower chamber of the re- | 
maining double- lock be 10 and provided with a new hy- 


General Considerations 
Included in the extensive navigation developments betes ones on by TVA 
in the Wilson Dam area are the repair and modification of the present triple- | 
‘lift lock system. The general location of Wilson Dam and a schematic profile a 
of the navigation structures on the Tennessee River are shown on Fig. IL An 
_ interesting picture indicating the early stages of excavation for the original e 
double-lift lock at Wilson Dam is shown on Fig. 
‘The present lock system, as shown on Fig. consists of the low 10- foot- 
«lift Lock and Dam No. 1, shown in the foreground just above the bridges; the ; 
- double-lift lock in the Wilson Dam, toward the top; and the 2- 1/2-mile- -long ; 
4 Florence Canal connecting these locks. The double-lift lock is shown on © 


Fig. IV, to the left of the artist’s depiction ¢ of the new large lock now being © 


¥ 

Staff Civ. ‘Design Eng., Tenn. Val. 


“di 3. See Proceedings Paper 1069 entitled “Design Consideration for the New ag. 
- Lock at Wilson Dam on the Tennessee River” by R. A. Monroe and ial 
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of the traffic it was planned to provide standby 
E facilities for use when the main lock is out of operation for inspection and ¥ rom 
"maintenance. _ The use of the present lock system for this purpose was con- 2. 
but had the followin es: 
‘ton and Dam No. would have extensive repairs to keepit 
2. There would have been an additional cost for a | Separate cr crew to operate > 
Lock No. 1 as it is 2.5 miles below the upper lock. 
3. «By deepening the upper portion of the Florence Canal 10 feet, this por- 
he f tion of the canal can be used effectively as a common approach for both — 
aa new —— single-lift and the present co lift locks at the — 


= 
i to construct a third chamber with a 10-foot lift adjacent to the downstream 
_ end of the existing lower chamber. This would in effect be equivalent to mov- ba: 
= ing the abandoned 1 Lock No. 1 upstream to the Wilson Dam. In reviewing = 
ei early c construction photographs (see Fig. II) it was noted that vertical rock _ 
faces could be obtained with usual excavation procedures. — ‘This suggested - 


The plan for deepening the lower was as the « estimated 
construction cost was less and a considerable increase in the traffic capacity a 


will result from there being | two lock lifts instead of three. This plan pias 4 
several oblems, with the more im ortant t bein 
Excacation of rock in the the lock walls without 


i 3. a. Modification of the lower miter gate to serve the deeper d chamber. / 


= problems and proposed solutions follow. _ 


T $ sta and sections of the lower lock chamber are nome on Fig. ve 

ps The lock is set in a formation of horizontally bedded cherty and brittle lime- 
stone with thin shale partings. This formation is cut by numerous nearly __ - 
joints, and blasting isa a decided tendency for the horizon- 
movements ata considerable distance from the blast. 
‘The lock walls are 15 feet thick by about 60 feet high and are poured against 
the: rock. With this proportion of thickness to. height, it is evident that we have 
4 bs to depend on the adjacent rock for stability. The rock along the river wall, = 


Sem at the downstream end, is badly broken ar and jointed. Consequently, 


al excavation must be agg very ‘carefully. To accomplish this work, a com- 


a 
oF 
me 
‘ 
A discussion of thes: 
& A 
= 
! 
an eer 5 _ The ‘methods best suited will have to be developed as the work progresses. = 
oe) . ' _ Facing of the rock below the base of the walls is not planned at the present. If z 
gf _ deemed necessary, gunite will be applied to obtain a smooth face. eee oat 
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draulic for the Lower er Chamber 


The Hy 


‘The and ‘proposed systems ar are shown on. Fig. ¥. The existing s 
, tem consists of wall culverts and ports with the necessary controls. _ There 
Cs ‘i one 7- by 9-foot culvert in each wall, and each culvert h has twelve 2.5- ian 4 
ee -foot ports opening into the lock chamber. Each culvert has three 6-inch - 
diameter air vents ontonding to the top of the lock walls. ‘The filling valves _ 


below. Spool valves. were installed originally and failed. The vacuum 
{ resulting vibration caused by the water dropping through the vertical shaft re-— 
sulted in cracking the valve housing. Hydraulically operated cylinder valves 
- were installed next, and a restriction as shown on section A-A, Fig. V, was “ar 
= in each culvert to create back pressure and reduce the vacuum on the 
‘Valves. This modified ‘system worked and i is still in | operation the 


some years ago revealed severe cracking of the concrete around 
‘a the culverts in the river wall of the lower chamber. _ This cracking and « con- ine 
7 sequent leakage has been of some concern, and a program of grouting of the 7 
rock adjacent to the downstream end of the river wall was carried out would 
after the cracks were discovered. Blasting needed to deepen the lock would — 7 3 
be expected to increase the size of these cracks regardless of how wicl 


> 
ct ct 


_ The use of the existing hydraulic system to . serve the. deepened lock ¥ was 
ae studied. The present wall culverts have their floors at elevation 408.8 and 
this is above the new low water level of elevation 408.0 for the deepened cham- 

ber. ‘Therefore, these culverts could not be utilized for emptying the chamber, — 
and because of the air they would entrap at each lockage it would not be fea- bs 
sible to use them for filling purposes. - Also, the cracked condition of the — 
wall and rock would make any repairs and modifications required extremely ‘ye 

hazardous and costly. tt was decided, therefore, to fill the agree — : 


_ struction of only one culvert in place of the usual two when they are at o res 


It would have been desirable to lower the valves control the emptying 
a oP. _of the upper chamber and filling of the lower as the vacuum on the valves and 
trouble due to air in the vertical shaft would be appreciably r reduced. | This 7 
was s investigated but was found to be so costly < as to be impractical. _ Therefore, 
sa it became practically essential that the layout of f the new |} hydraulic system — i 
retain and utilize the existing filling valves. 
a With the lowered water level of the lower chamber, it was anticipated that il 
2 trouble would result from the air in the vertical shafts below the filling ree 


or 


— 


get ‘rid of the entrapped air r by any , system of vents. ‘Seen the air would 
have been carried into the chamber, causing serious boils. Another factor ai 
sidered was that the low pressure at these valves during filling operation had 


always been troublesome even with the restrictions in the culverts’ described | if 
earlier. - pressure on the valve ous have been obtained by sharp bends, 


— 


as 
| 
| 
1 
J 
5 
q 
h 
t 
the new hydraulic system a single filling and emptying culvert on the 
longitudinal centerline of the chamber was adopted because it will locate the _ 
~ 
“4 
AR 
3 


| 

» si ; local restrictions, or t be: reducing the area of the shaft. Sharp bends and local 
restrictions would have resulted in areas’ of low pressures with danger | of « cav- 


n 


‘ani but reduction of the area of the shaft would not have this Gissdvesings os 
and, in addition, would reduce the volume of entrapped air. Therefore, the | 

-vertical shaft was reduced from a 7- by 9-foot rectangular to a 5-foot circular © 
- opening. These two circular conduits, with a total area of 39 square feet, will > 


then merge into the main culvert, which has an area of 102 square feet. = “a glal 
nd a _ draulic model studies were used to help develop these dimensions and indicate — 
re a that this will create sufficient back pressure to prevent serious cavitation ie 
The | ‘spacing and size of the culvert ports were proportioned from TVA locks 
having wall ports. These ports will discharge into trenches, one on each side 


of the culvert. Tu reduce the amount of trenching, the ports were originally 
ect | _ located at the roof of the culvert, but hydraulic laboratory tests were disap- _ 
"pointing. All the entrapped air was carried into the chamber through the up- 
stream ports during the first few after the valves were opened, re- 
— 7 } a _ sulting in considerable turbulence. After the air had escaped, the flow through © 


—_— © - the various ports was unequal and the water tended to flow straight up from c 
; _ the ports instead of impinging on the walls of the trenches and spreading « out 
; 7 uniformly. - To improve this condition, the ports were moved to the floor | of the 
j culvert, and baffle walls were installed between ports. ~The results were i 


‘gratifying as the air entered the chamber, spread evenly over the length of the — ; 

7 culvert, and it took a much longer time for the air to escape into the chamber. 
A large percentage of the air evidently was trapped in the culvert, and in the < 
a! model it was observed to escape through the valve shaft during the ensuing — S 
operation. The deeper setting of the ports and the baffle walls 
_ sulted in a good distribution of the flow into the chamber and greatly reduced | a 
the turbulence. Some modification of the port spacing and sizes was also iuw aa a 
in the Hydraulic Laboratory to reduce the longitudinal surges and high 


hawser stresses indicated by the model 


én downstream gate blocks of the river wall a are po hay cracked and in need 7 


- the waterline. As mentioned before, the rock backing is also badly broken 
- and if the gate blocks were retained the future safety of this part of the struc- 
_ ture would have been questionable. Therefore, with repairs difficult and no 
a great quantities involved, it was decided to completely rebuild these blocks. oe 73 
2 locks on the Tennessee River have duplicate filling and emptying sys- ee 4 


the | filling and emptying system | in the other wall can continue to function. Be- 
cause this deepened lock at Wilson will be a standby facility, it was — 
that for this use a single emptying valve and culvert would be satisfactory. 
ES advantage was taken to simplify the outlet system by laying out a Se 


for without necessitating taking t the lock out of eervice as aq 


single emptying culvert and valve system for installation in the new river wall 


The single emptying 10 feet wide by 101 feet high, will be a conven-— 
>. reversed radial gate, and the design of this posed no special problems. 


The valve on the land wall will be removed and the shaft filled with concrete Po 
The outlet structure, a single lateral with side ports, works reasonably well. 2 Ze 
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the i nature of these facilities it was 3 felt further refinement at a an in 
crease in cost was justified} 
=e The new hydraulic system will fill or empty the chamber in 14 ‘to 15 min- 
> - dinnstueaal on pool elevation and the valve speed finally set for weal 
4 “i _ The present lower chamber cannot be filled completely by emptying — . 
* upper chamber. To compensate for this, the filling valves of the upper cham- | 
a. ber are kept open for some time while the lower chamber is filling. The = 
_ deepening of the chamber will increase this a time interval but 


q Each leaf of the existing lower miter gate weighs 170 tons. "They ‘will have 
to be moved out of position to allow excavation and rebuilding of the gate a 
ee of f the r river wall and extension of the quoin on the land wall. A 10- foot ex- 
tension: will be added to the bottom of these gate leaves to provide for or the 
The present gate machinery is operated by compressed air is in need a 
ofr repair. Because of the very limited use anticipated, a study is in ‘progress 


_to determine the feasibility of repairing and modifying this machinery 80 so ie a 
can be utilized for operation of the and heavier gate leaves. 


emergency r needle dam for unwatering the lock can igs con- 
= in service by a slight modification. The existing towing track and aS 
mooring facilities will continue in use, but i it will be necessary to deepen the Fin’ 
ia _ wells 10 feet for the floating mooring bits. No alteration to the upper chamber — 
is planned, but maintenance work will be performed during the outage for the — 


‘The construction work will pene in the spring of 1959 and is scheduled to ‘. 
finished in the early spring of 1960. The cost of this work is estimated at | 
$1,500,000 and should keep the the 35. 35- -old | lock for navigation use 
a The design for the lock ‘modification is eisai performed by the TVA Division 
under the direction of A. Monroe, M. . ASCE, Chief 
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ENGINEERING ASPECTS OF COASTAL ‘SEDIMENT MOVEMENT 


ss i "among other things, the significance of: wave spectra, mass transport, beach - 


anil ; water tables and climatological conditions on the > cycles” of beach erosic erosion 2 and + 
accretion. The importance of the predominant swell in sediment transport 


= 

- coastal physiography is stressed. The long term effects of groynes and 
pea walls located o on ‘receding coastlines are discussed. The subject of tidal a 
— action \ upon | ‘ocean waves is dealt with in association with the effect of density ” a 
currents in estuarine conditions. Certain conclusions are presented respecting 


Cc 


reshare proce in theory and Qpgervation up, up to 1953 (1 ) were included. 
Previous to this Inman, (2) Johnson'8) and Eaton! 4) had published 


‘sive summaries of all factors involved littoral drift phenomena. But it 
ait a seems opportune to review these factors again, bringing them up to date, _— 
-plifying them, and emphasising those which are of greatest concern to the 
vision ‘engineers responsible for r erosion m mitigation and siltation control. ra 
‘Theories regarding the movement of beach material have often been at 
ird, 


ie variance, due, in many cases, to the limited scope of the observations got a 


ment movement, which may be hundreds of miles in 
Also many authorities are discouraged from approaching a coastal problem ‘ a 
8 scientifically by the apparent abundance of data required to arrive at a solution. 
, Note: Dlecuasion Discussion open until February 1, 1960. To extend the closing date one month, a = = 
written request must be filed with the Executive Secretary, ASCE. Paper 2168 is — 
ae of the copyrighted Journal of the Waterways and Harbors Division, Proceedings 
rT. - of the American Society of Civil Engineers, Vol. 9, No. WW 3, September, 1959. < 
1. Senior Lecturer in Civ. Eng. (Hydr.), Univ. of Western Australia, Nedlands, a 
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expensive empirical methods of construction. 


% ease the problems of interpretation. One example is that of 
where many difficulties can arise in measurement and analysis .(6 
_ On the other hand, some apparently important measurements, such as wave — 
; direction and ‘sediment transport on the ocean be bed, , cannot yet be made due to ~ 
the lack of instruments. _ Nevertheless, sufficient is known of the general beach 
processes for to in the location of — mari- 


The multitude of on wind generated ocean waves, recently sum- 
= marized by Saville, 7) and the differences inherent in the various methods for —_ 
_hindcasting ocean | waves, _ is very disconcerting to an engineer who has had : 


or no previous contact with oceanography. dealing with sediment 


&g "assess the long- -term process of sediment transport along the coast. ~~ 7 
a a . The wave data required are the wave direction and the types of wave en = 


= These two distinct types s ares storm w waves yes and swell. The latter 
q i“ is a well- known ant accepted acorn but the former has not previously been 
: 


Storm Waves 


Where | a wind blows in more or less a direction for s a of 


time across an area of ocean, waves will be generated and the area is termed ~ 
a fetch. Whilst the waves move within this area and are still being built up fs 
: wind they are to be termed “storm waves”. Hence for storm waves to _ 
reach a coastline the fetch must be } adjacent or very close to the coastline et 4 


~~ Ocean 1 waves in general do not consist of a sinusoidal train of undulations _ 
: with similar wave lengths and constant height, but are made up of many trains — 
Me y different wave length (period) with heights peculiar to each. If these trains _ 
were isolated and the height of each graphed against its period the resultant 
iy ‘figure would be a spectrum of the waves present as in Fig. 1. (9) The width of — 
; the spectrum is a measure of the number of wave trains present. Storm waves” 
a Lo have a wide spectrum with one particular train having the largest wave height, a 
period of which is determined, amongst other things, by the wind velocity, 
- the length of the fetch and the duration of the wind. ~ 


has been shown experimentally" 10) and ‘mathematically( De that waves 

q a within a fetch are generated in several directions at once. Arthur(12) de d 
cussed the significance of this in 1949 and recently Saville(13) has shown how | 

i the width of the fetch affects the multidirectional nature of these storm oo 

“Fig. 2 depicts the wave crest pattern to be expected within a fetch.(10) It 

should be realized that such a rectangular fetch is an extreme simplification. a 

Within a centre several fetches are created simultaneously, 
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wind direction (white horses)} 
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Another chavactertaite of storm waves is that their shape is asymmetri-_ 
- cal about the crest. This is brought about by the pressure and friction of | 4 
the wind on the back of the wave and the drag upon the front face .(14)_ This 
ees shape (see Fig. 3) causes storm waves to be more easily broken oy 
“il ‘Shoaling water and contra currents, as indicated by the fact that the genera- 
“A, tion process is generally associated with partial breaking or “white horses”. 
a _ As energy is still being transferred to the waves within a fetch, those mn | 
q = each train will increase in height until they reach a certain maximum steep- _ 
ness, that is a maximum ratio of height to length. When this is reached they 
break and probably this is the process whereby the longer wave lengths are | 
_ created. (15) Although the maximum steepness for a single train of waves is 
é 1a, the existence of many trains in a storm area means that this figure is eos 
- never reached. But the asymmetrical shape of the waves, the eae 


ee will be seen later how all these peculiaritien of storm wat waves play their Pty 


| 


are propagating through a areas of ocean with little or no following 1 wind, or 
= opposing winds. This region is known as an area of a since a 


-- gides of a fetch as well as from the downwind end. This dispersal entails the 
distribution of wave energy aloi along the wave crests and ma makes for longer 
ae _ Waves with the longer periods travel faster than those with shorter periods - 
and hence the various wave trains become spreadoveravastareaof F 
ocean.(16) At a given point within the decay area waves will be experienced _ 
_ which initially are long with perhaps a single period. These will be followed — 


by other wave trains = differing which ‘become 
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COASTAL SEDIMENT ~ 

as wave trains pass the recording point. This is depict- 

ed in Fig. 4, the narrow spectra are part of the total spectrum of the storm a 

- waves. ._ In the figure the simultaneous conditions at several al points are i Da sa 


ia 


‘Fig. 4 also shows that these waves are mainly moving in one direction pat 


3 any specific point. Only ina certain triangle of ocean will wave trains a P 


arriving from several directions. Here again an over simplified situation is 
being discussed. In fact, a complex sea could exist over thousands of hall 
-- With the sorting of the waves laterally and longitudinally there will be _— 
of wave systems and hence smaller wave the 


q 
oth 


| 
area ot complex \ 
=z 
wed 


xe 
4 _— of any one wens 1 will be attenuated due to daptiatiagl!”) s making | again 
a age for smaller composite wave heights. Due to the narrow spectrum of the a) 
ee swell the interference of of f these t trains causes maximum heights to occur in- | 
frequently between long | periods of relatively calm water. 
Ko. oa The above characteristics all have their effect in the motion of the sedi- i 
_ ment along the coast. Of course there are degrees of intensity between the — 
i> - extremes of swell and storm n waves, but it is sufficient for this discussion to 
a (3 keep these effects separate. — 


J 7 Wave motion in the surface of the ocean is propagated by an oscillatory 
Ae ‘motion of the water particles in an orbit which is almost circular. (18) . 
fe. ‘uppermost particles rotate in an orbit the diameter of which is equal to eal 
amplitude of the wave, whilst those lower down move in diminishing orbits — 
until, ata depth equal to half the length of the wave the motion is aa teiaaall 
7 _ When water is encountered of depth less than half the wave length (termed ig 
ne shallow water for that train of waves) the circular motion of the bottom par- ; 
ticles is distorted and an elliptical orbit is assumed, which is reflected in = 
particle movements throughout all depths. Still shallower water | turns 
elliptical motion into linear oscillations 
a At these shallow depths the speed of wave propagation varies as the | q 
@epth) 1/2 and hence its length is being reduced. Since the wave 
: _ (proportional to length times wave height squared) remains relatively con- |= 
stant this retardation causes the wave to increase in height as the length is oa 
decreased. ‘This, together with other factors, causes the wave, ,atadepth 
approximating one and half times the wave height, to become and 
engineer need not be with the type of breaker that results 
a (20) put should study the conditions where reflection, rather than breaking, ‘a 
fe are likely to occur. | For the moment, the main feature of the breaking proc- = 


ras motion is 


diment Motion \ 


sone contains the where the broken waves | surge forward 
i= ‘great turbulence. The zone beyond the breakers, termed here the offshore 
bi zone, extends as far seawards as the ocean floor is disturbed by wave action; . 
width would with the characteristics of the waves approachin 


the 
almost ‘continuously. “The surging of aren water towards 
_ beach will have a longshore component if the waves arrive at some angle to to - 
z the coast. This results in a current along the shore which is known as cs: . 


‘littoral current and it transports the suspended material very readily. 

heavier or r larger may only be rolled the beach but, 
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- — of the angle of the uprush to the shoreline and the near vai re- 


of the backwash, they are forced along the coast in a zig- fashion. 


a In this area the water particles near the sea-bed oscillate backwards and 
_ forwards as the waves propagate overhead. Each oscillatory — 
- causes sediment to be sheared from the floor and when the motion is ™ 
versed a vortex is set up which throws the sediment into suspension. It 7 
_ ably settles only to be picked up immediately by the next wave action. 
_ The processes by which particles are initially set in motion have been — 
“discussed by Danel et al, (2 1) it may involve rolling, saltation, jumping and/or 
5 Suspension. Bagnold(22) has illustrated that for a smooth bed the layer of 
4; water adjacent to it suffers a large lateral velocity gradient inducing turbu- 
@ lence, whereas above this layer there are quite calm conditions. Thus ae 
grains thrown up out of the turbulent layer have a good medium in which to | a a 
_ complete their trajectory. Generally the particles are rotated by the action 
and are thus maintained in longer than for normal translatory 
= Martinot-Lagarde et a (2 23) have studied this “Magnus effect”. See a 
__ Soon this motion results in the formation of ripples in the sedimentary mus 
bed. Bagnold(24) has discussed the parameters associated with the ripple 
- formation, but the » engineer need not be concerned with the actual dimensions — 
of these undulations of the bed, only with their effect upon sediment move- 
_ ment. They induce greater turbulence and make for a wide band of turbulent 
< _ water with longer mixing lengths. All this tends to keep the sediment in F re 
suspension for a longer period during each oscillation. = 
2 It is obvious that any current occurring in the water near the ocean bed Re el) 
will move this “quazi- -suspended” material with it. The particles, in essence, e 
_ will jump across the seabed, either from ripple to ripple, or along the crest 
of the ripples, which are generally parallel to the wave crests. Such ae a 


abe is not particularly important o on an open coastline, but - — 


sss @gsttuaries or channels where flow is accelerated the tidal action can 
or silt up the ocean bed. Tidal currents are not 
aa equal intensity in opposite directions. The effect of density —_ 
ip oho rents will be dealt with in a later section. There can also be Ch 5 


vortex action around a headland causing a current | along sections of i 


the coast which are in the same direction throughout the flood and 
ae ebb tides; such an example is the vortex around Portland Bill and 
__ the tidal current along the Chessil Beach (England). 


Littoral Current + 


current, generated in the surf zone, can exert a drag 


ae into the offshore area by a groyne or breakwater. The saaaieione... 
contours soon protrude seawards near such structures illustrating 
that sediment has been transported and deposited there. The strong 
and infrequent currents almost normal to the coast fed | by tl the ‘lit- ee 
toral current are as “rip currents” 
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transient effect from a single cyclonic may a 
nu’ seasonal current due to repetitive meteorological conditions. 3 
‘Unless: such currents are channelled through restricted passages: 
to increase their velocities, they are unlikely to influence the beevey = 
of beach sediment ag yes’ 
As with tidal currents the effect of higher than normal water 
er levels, caused by wind stress or low atmospheric pr pressures, (26) = 
3 ele is felt more in shallow seas where steepening of the wave occurs sie ln 
ne (see section 3). This occurrence can cause flooding and break- 
q Cie. throughs to inland waters and so drastically influence the movement 
of sediment along the coast (27) Rip currents, as mentioned in Gi) 
above, can be caused by a series of high waves on one section 
F oa the beach which in essence raise the level of the sea surface tem- 


"i _ This is nota current in the same that a continuous ee aa one 
movement of water is experienced. As previously stated the par- 
_ ticle motion due to wave propagation is almost a circular orbit. | ae iw 


“a 


apes fact the particle does not quite complete the or the orbit and after ae 
i passage of each wave it is located a small distance in the direction 


‘measurable with a meter unless some integrating mech- 
anism were used to compute the resu resultant of these continuous ad- — Le 
This mass transport of water, as it is called, varies throughout 
the water depth and differs for the various wave characteristics. ae 
The engineer i is mainly concerned with it. its strength and direction a 2 
near | the o¢ ocean bed where it is likely to attect the sediment move- 
ment. It has been shown experimentally (22) '“) and ‘be bed 
“i —_ a strong mass transport “velocity” occurs at the bed in the 
direction of wave propagation. It is s strongest for small ratios “a 
depth | for a given. depth, it is 
4 — est for long period waves, and, for a 2S wave train, increases a 
a as the depth decreases. The effect of several wave trains on this — a 
_mass transport has not been analyzed. It seems that the resultant 


oscillations at the ocean floor would be similar to those for a 


igi! siiciegnaia rippled surface, the forward motion near the bed was 
a reduced and that a larger band of water movedfor- 


ward at a slower velocity. It could be inferred the smaller the 


strong drag upon the 
epthsandalarge | 
A 
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Associated closely with the mass-transport effect is that of the 
differential forward and backward velocities of the water particles, 


FIG. MASS SS TRANSPORT DUE TO PROGRESSIVE WAVES. 


forward velocity gives momentum and rotation to the sediment 


‘which causes a net forward movement.80) 


iv a It is still believed by some authorities that the greater part of the bie 

shore sediment transport occurs within the onshore, or surf zone. (31) When “hi 
the bases upon which these convictions are held‘ (32, 33) ) come ‘to > be analyzed 
it is found that the observations (mainly of scale e models) w were not compre- 
hensive enough to vindicate them. 


It is pertinent here to quote Bagnold, (22) in speaking of studies made ot 
p 
hg “But in a large number of practical problems of coast erosion Mores: 


-* sanding | up, the immediate inshore phenomena are controlled bythe ; 
_ configuration and by slow movements of great sand accumulations pen 
3 ae oy which ex extend nd under shallow water water far to seaward ¢ of the plunge worenila 


— the re volumes of material transported by su suspension 
: and rolling in the surf zone and by quazi-suspension, jumping and rolling ® a 
beyond it, the apparent high velocities in the surf zone must be weighed 
* against the very large area of seabed beyond it influenced by wave motion. 
Another factor (to be discussed later) is that the fine sediment is sorted ee 


ci ‘There is an urgent need to develop | an instrument for measuring the sus- pe 


a pended and bed load ‘movement both in the onshore and offshore regions. “100 e 
Watts has attempted to measure suspended load in the surf,(35) but, other 
than this, no success has been recorded in measuring these va various rates of 4 
=" The water ‘movement, of —— is three dimensional and even ps 
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— 
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at 
RE 


_ the presence of an instrument can influence it sufficiently to distort the 
It appears advisable in the reproduction of littoral processes in scale 
: _ models to have a movable b bed that can sort itself across the beach profile in 
the same manner as happens in nature. This is introduces | many y difficulties, _ 
_ not the least of which is verification of the model action against some photo a 
type feature. But until this is accomplished conclusions from general - - 
basic models $6) processes should be accepted with 


Beach Profiles 


waves and swell. Each of these has its particular 


,* mentioned previously only two main types of waves need Se 


‘ie depth approximates half the length of the wave, sediment on the ocean ne 


is being disturbed. . Inthe p presence of several wave trains the longer waves 


are first to “touch” bottom. The mass-transport and its associated effects 
force the particles thus: disturbed towards the s shore - When the waves ap- 
os _ As discussed in section (v) above, the process is amplified as the breaker — a 
one is approached, but this is offset somewhat by the increasing slope of the 


ocean bed, resulting in sediment having to be swept “uphill”. The depth and = 


* : is balanced by the opposing g forces a and an equilibrium profile results BD 
a oi Even when this stage is reached a longshore movement could still proceed — 
us in the offshore zone due to the particles oscillating about a mean Position - ft 


which is. continually shifting parallel to the beach due to the - longshore com- i 
ponents of the mass transport “velocity” and the differential speeds” the 
forward and backward oscillations as previously | mentioned. 
a. In practice such equilibrium a as envisaged above is 1 never reached. oe r 
wave heights and periods are continually changing, as also the wave direction. — 
‘These new conditions bring about changes in size, spacing and orientation of _ 
the ripples. It has been found 88) that these occasions accelerate the sedi- 
ment transport. It is readily understandable that, during the instability be- : 
_ tween the water and sand dune conditions, more turbulence e: exists } and larger 3 
af ~ volumes of sediment will be moved in order to establish the new “regime”. 3 
a _ The sediment, having reached the breaker zone, is carried forward with iu 
the uprush onto the beach face. Some of this water soaks through the beach oA 
sand, the remainder returning down the slope to the sea .(39) volume 
and velocity of this backwash is substantially less than the uprush and hence > i e 
much of the suspended sand is left stranded on the beach and ‘80 accretion 


“With s on the beach is a reasonable time between 
waves (especially the peak waves) for percolation to occur and for the above - 


processes t to take place. (See Fig. ) This presupposes that sediment con- 4 
tinues to be supplied | from offshore. 
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HYDRAULIC ‘CONDITIONS NEAR THE BEACH 
7 i During this action the grains become sorted, the largest being thrown high : 
: on the beach, fine material being located in the surf zone and the finest ap-_ 
‘pearing beyond it. (34) Each sediment has its own equilibrium slope fora 
given wave characteristic, the larger the grain size the steeper the slope (40) 
Pebble beaches stand at very steep grades which tend to reflect the waves 
| rather than break them; ;(41) varying degrees of standing waves or clapotis are io 
- thus set up, which cause the oscillations of the water to assume such a 
tions that large boulders can be tossed about and so moved along the coast. — 
7 The mass ss transport circulation i in a standing wave has been shown to be (28) a 
in vortex cells which build up sedimentary ripples | at the quarter wave lengths 4 
Bx (see Fig. 8.) This circulation is accompanied by high velocities and out 


‘Steep beaches are likely to cause only partial standing waves. _Near- 


iy vertical walls, on the other hand, can induce ice almost co complete clapotis forma- a 
? tion. . But under any of these circumstances, a long-shore current is assisted 4 
: greatly in its transport of sediment along the coast. This action, by rocky Py ~~ 
ES of expediting the movement of sand h has only recently been ap- Be 

preciated;(42) it is from view v although records: 
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: on the beach at intervals of two or three seconds and the sand of the beach - 7 
face soon becomes water table almost coincides with this 


equals that of the the return velocities are e increased and: a 
re hydraulic jump forms - this water er meets the succeeding trough. _ ‘ee 
erosive powers exist added to which the sediment near base 
a - of the beach face is in near-suspension due to the ground-water flow icone 
the face back to the sea. (44) This is easy prey to the swirling backwash. It i 
_ is no wonder that beaches can vanish in a matter of hours after the onset . 
: ae The water, which is literally poured onto the beach, must return to the + 
: sea, being laden with sediment it does so across the sea floor. When, at ax 
P some depth, its velocity is sufficiently reduced, deposition occurs and a sand (t = 


bar is built some distance When this is sufficiently large succeed- 
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“og When a fetch or storm centre is adjacent to the coast storm waves arrive 
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9. PROFILE OF BY STORM 


i. ing waves break over it due to the shoaling and contra current over it (see _ 
i Fig. 9). _ Previous discussion elicited the fact that storm waves are more ha: 
us prevents further erosion of the shore because only 
broken. and dissipated waves arrive at the receded beach line. In this way _ 
the complete destruction of coastlines is prevented by the sedimentary _— ce Gs 
; re rial being oriented into a form of defence line. It can be inferred thatto 4 
— ia Fe safeguard structures located near the beach it is necessary to have a reserve 
of sediment to support them a after allowance has been made for a certain kes 
of beach to the offshore bar. . It will be shown later that the amount required — 1 
. for such a bar can vary with time depending upon the general longitudinal 
_ The multi-directional nature of the storm waves (see section 2a) dis- 
‘courages the formation of a strong longshore current (except where lateral 
. _ feeders supply water to a rip current). The general result, therefore, is that 
the material of the bar is moved directly | offshore from the beach. other 
: factors which reduce the effect of any longshore transport during a storm Sen +3 


‘sequence are (i) the fetch changes direction very quickly as the cyclonic 


a centre moves across the coastline (to be discussed more fully later), and (ii) ay 
"the duration of storm conditions on the coast press yaaa the year is — : 


_ or down-coast from its original position. The storm waves thus a play a sig- he ; 
f nificant part in assisting the swell tox move > sediment along the coast. ‘Should ie 
‘i there be a predominant swell from one direction, which is the case in m many 
¢ parts of the world, then there is a net movement of sediment resulting ater 
"An inference to be drawn from the above is that model reproductions a oo. 
| littoral drift processes should allow for the annual sequence of storm and m8 i: 
‘swell waves in duration and frequency. presupposes an ability to 
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OF beaches is brought about by the first storms of the season, whose waves 


q 


can attack the steeply graded | beach left by ti the season of i Any succeed 

ing storms in the same season will not cause any further denudation since os" 

_ the offshore bar (perhaps partly returned) soon reforms to dissipate the wave 

_ energy | before it reaches the beach. On the occasion of extra high water ee 
levels: accompanying the second storm, further damage could be done. 
a Another conclusion to be drawn from the discussion on beach water tables _ 
is that any conditions which may induce the raising of the table will acceler-_ 


ate erosion of the beach. Such conditions are illustrated in Fig. 11 and are: 
Pe : ti) the disposal of storm water onto the beach from large catchment i 
aN (ii) the existence of a rock shelf just below the beach surface which 3 
concentrates the flow of ground water to the sea; 
(iii) the presence of promenade walls (usually sited on base rock) 
ite which prevent the temporary flow of ground water inland when 
storm sea level exceeds the normal water table level.44) 
F — so, the existence or non- existence of the above features will not iy 
Le greatly affect the disposal of the hundreds of tons of water which are thrown af 
onto the beach during the course of an hour’s storm. Only the provision of 7 


1 ‘sufficient width of sedimentary material for the formation of a bar and for 


‘Long itudinal Eq vuilibrium 


“The equilibrium of a coast in plan is firstly, by the 
fixed points on the coast such as rocky headlands or man-made structures | 
of the groyne or breakwater type, and, ‘secondly, by the predominant _—— 


of the sediment movement home| the coast. The latter will be considered = 


and associated processes. They are: eae 
dy 


@) or low | pressure 
anticyclonic or high pressure centres 


of (i) a nd 1 (ii) the more important is the cyclone the winds 

panying it are the stronger by far. Anti-cyclones may occur more sonal 
for longer periods, but their wind velocities are not great. add, 

a Sea-breezes can be quite persistent and can have speeds and fetch lengths if 

sufficient to generate steep, short period waves, which do not break until a 

_ “Tight on the beach. They suffer little 1 refraction and hence break at sharp est 

angles to shore, generating a strong littoral current in a narrow band of 

water. . The actual influence of the sea breeze in the littoral drift process is 

to assess because of a dearth of information ‘regarding wind 

z Hence, the study of coastal equilibrium should be based upon tate regard- 

ng the location, duration and intensity of the low pressure or cyclonic centres 

the adjoining seas, ‘This can provide certain | qualitative characteristics of 


* the waves arriving at § given points on the coast, including the direction of ap- _ 
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FIG.I1. CONDITIONS CONDUCIVE TO BEACH EROSION. 
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‘The study « of be duration of cyclones apecitic areas is | 
of cyclonicity and charts are available in Australia similar to the sample in © 
Fig. 12. These show hours of duration and number of centres — me 

‘month, Data is also available for the Atlantic Ocean .(45) 
Although isopleths are drawn, based upon analyses of 1° quadrangles ne 
latitude and longitude, actual figures are given for the 5° quadrangles. The ; 
isopleths show the general path of the low pressure c centres, but for a statis- ea ¢ 
tical analysis over a period it has been found that the hours duration figure £— 
can be of great value. (46) 


substantial barrier being present to interrupt the longshore drift, accretion — 
will occur upcoast of the barrier and erosion downcoast. The accretion will 
be seen immediately as the sand being swept towards the shore and along the 
shore banks up against the barrier. The erosion on the other hand is not felt © 
immediately since the sand coming shorewards maintains the beach line tem | 
porarily. . But in time the offshore area, wet poss being replenished from fl 
may not be until the arrival of the storm season that this denudation is f 
felt. It is readily seen that for the offshore bar to be built up sufficiently to. +: ts 
break the incoming worm waves more material will be required to fill seal 1 i 
_ It can be seen, therefore, that the alarming erosion which causes coast- | ” 
pone to recede is not so much due to the storm waves as to the persistent ei 
_ swell that has provided the denuded areas offshore . The recession of the 
beach line occurs in steps on such storm occasions, but it is only ‘a symptom E q iy 
_ After the bar has been formed by the storm waves, the subsequent swell - 
ae and returns it to the beach. This accomplished, it continues to 
_ sweep the ocean floor shorewards. Should a storm season be moderate in 
character the offshore bar is smaller than usual. The following swell there- S 
_ fore has more time to attend to the general offshore area, which is more than | Z 
usually A particularly fierce cyclone may follow and the waves it 


* 


oan One o or - two calm winter seasons can n thus build up : a sense of false security. 
_ It has been shown previously (section 5b) that the general direction of the 3 r 
storm waves has little influence on the drift along a straight sedimentary _ ; ae 
coast. The position is different when barriers exist across the path of this _ ® 
drift, as will be discussed in section 1 (c) below. But for the moment it is pe °o ® 
tinent to analyse the g general situation regarding wave directions. aac w pend ol 
_ The author has stated elsewhere(47) that it is the rule rather than the ex- th 
Pe ception that storm waves approach a coast from a direction different from 
that of the predominant sweli. Johnson(48) has refuted this by citing several 
references of wave hindcasts. Such hindcasts, it will be found, net ~ 


‘ma Johnson n also cited an an article by Spring(49) o on waves tei SOD at Madras 
: “The former class of waves W v4), Contin 
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“ing from March to August, keeps the sand near and on the shore in a : constant N 


_ state of slow creep northward along the several hundreds of miles of — 
while the latter, acting from perhaps the middle of October to the middle of _ 
_ anuary | shifts the same sand southward, though not so effectively — —near 
Madras, at least-as the former class of wave.** The author infers from this 
that the S.W. waves were swell, whilst those from the N.W. were storm waves, 
based upon the previous discussion on wave action; this supports his original © 
_ But it is worth idealizing the ‘movement of a . cyclonic ‘centre near a coast, 
as in Fig. 13, in order to study the directions of the two main types of wave 
= to be encountered. . The en simplifications and assumptions have 
) the centre consists of a circular wind structure, directed 
slightly centrewards and with a definite boundary (wind circulation 
(ii) the centre moves in a straight line 
(iii), storm waves are generated for the points the 
_ boundary of the cyclone is across or very near the coast. 
swell i is encountered at ‘the | same — when the cer centre is | about 


(vi) waves s generated with the fetch moving in n the direction of propa- 

ites: gation are larger than in the contrary case(50,51) resulting in 
strong and weak swell respectively, 


(vii) ) weak storm waves emanate from the fetch direction when the s 4 
eyclone first enters. the area and these Grow progressively 


fi _by drawing the coastlines in the paths of the cyclones, each should = 
be considered ‘separately s so. that the others do not affect wave 


‘Even with the above simplifications « conclusions can be drawn from th = 
‘figure whieh have certain applications. They are: 
In general the variation in the angle of approach h of storm waves is — 


aay wider than for swell (limitation (v) above may affect this conclusion). 


quickly than thatfor swell, 
-s In 9 out of the 11 instances ‘the strongest storm orm waves s arrive | from 

a a different ‘quadrant to the strongest swell, even in the other two a 

cases the difference in the arrival angle is about 70°. 


Gi) The . change in angle of approach of storm waves occurs more ne 4 


re (iv) In j all ll cases the the strongest storm waves arrive from approximately 
same direction a: as the weak swell which follows. 


Johnson(48) also quoted Munk and Traylor(52) ta a Jolla, 

California, swell arrives from both the north and south directions (mainl 
a. F north), and that the storm waves arrived from the north direction also. — 

Maintaining storm waves in the context originally given, it would be seen that, ' 

e : if the cyclonic centres passed across the American west coast as indicated 


in this reference, the storm | waves arrive the other 
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_ side of the normal to the strongest swell. The —s example of La J aie 
: (sa The author submits, therefore, that in general storm waves, whilst ap- 
proaching from widely different angles, have their greatest influence on the 
a coast at angles greatly different from the strongest or most predominant — ) 
: swell, Such a generalisation is not “misleading to the novice”(48) but is 

gituation which must be and applied the design of 


“fhe groyne has been used for many decades as a defence : against beach 


E erosion. In ‘some cases it has apparently fulfilled its its purpose, in oth others it it & a 
has failed to prevent recession of the coastline. 
ae Consider the consequences of constructing a groyne perpendicular to the 
i beach where a net drift of material is occurring due to the predominant s swell 
froma an oblique direction. _ Immediately | accretion occurs on the u upcoast side 
of the structure from whence the sediment is coming (see Fig. 14a), whilst — i. 
_ the water line there moves out to the tip of the groyne the downcast side — AA _ 
- suffers erosion by | not having 1 replenishment for the material removed there- 
mm Even when material can by-pass the groyne this denudation is never 


eg Now should the first storm waves of the season | approach from the down- 
coast side of the groyne a rip current will be induced as shown in Fig. 4b a 
and a large volume of material transported out ut deep into the offshore : zone a 
This deposition is offset from the coast much more than the normal bar 
- formation, and the subsequent swell can therefore move it further downcoast 
bringing it ashore than if the groyne had not existed. 
is Hence it is seen how a groyne, built ostensibly to impede the movement of 
sediment along the coast can in fact accelerate it. This action is multiplied» o 
i in the case of a system of groynes. As illustrated | in Fig. 15 the coastline = 
assumes a saw-tooth shape and storm waves, either ‘side but near to the ay 
normal, can precipitate a series of rip currents oa ae eae 
It is worthy of note that, should the whole area offshore be deepening due a 7 
_ to non- replenishment of sediment from upcoast, the system of groynes can- : 
E not prevent it. It may stabilize the coastline temporarily, but at the risk of 
distorting the beach profile. The risk is that a future fierce storm, perhaps 
i accompanied by extra high water levels, , may tear r away 2 a large width of beach, e 
a making breaches in weak coastal defences, and result in catastrophic flooding 


ian where “the groynes had, to some extent, been able to prevent the re- | 


ceding of the coastline but the large depths down to 20 metres approached onl 

Bs The immediate effect of such rip currents is damage to the heel of the & 
groyne, Bruun(53) has investigated means of protecting this area by adding — * 
to the toe of the groyne in various ways. Other suggestions have been put el. 
forward(54) for overcoming this problem. 
Accepting the general conclusion that storm waves approach from a a a 


ferent beh to the . predominant swell the groyne shown in Fig. 16 has 
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; IDEALISED CYCLONIC” CONDITIONS. 
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14. CONDITIONS BARRIER | 
During the first swell season accretion would occur upcoast of ns a 
structure in the usual way, but the downcoast erosion would be trom. 
the groyne. Once the upcoast side were saturated, sand would proceed an 
the tip and tend to build a shoal across the downcoast beach (see Fig. 16a) oy 
ay: “A Fig. 16b depicts th the first : ‘storm | waves of w winter r which 1 may encourage the 
7 formation of a rip as shown. This current would be deflected into the path we 
of oncoming waves and, together with the shoal, would prematurely break 
them, current may even by¢ deflected into av vortex. The likely conse-_ 
quence is that a large body of sand will be retained on the downcoast side. of ie 
‘the groyne, protecting it, and providing a supply of sand to mitigate the n es a 


P 


But it must be remembered that groyne systems C2 cannot prevent the re 


abba the equilibrium profile of the beach, The best safeguard against = 
catastrophe is a hydrographic | survey of the offshore area every two or three eee 
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5 a against teeny A recent innovation in this type of structure has al id 
asphalted or impervious beach face .(55) This runs from the lowest water 
mark: up beyond the highest to the limit of the maximum expected wave run- g 45. 
up (approximately). Its purpose of course is to prevent the erosion of the 
beach and hence the recession of the coastline, 
ar The immediate effect is to inhibit the formation of a storm -built offshore . 


bar. ‘This, , ine effect, puts this material out of circulation, , but from previous 
te discussion it will be realized that longshore motion of sediment can still take 
place, expedited perhaps | by the wave - e-reflecting qualities ¢ of ‘the new beach 
Since recession of the coast has instigated the construction of the “sea ea ad 
wall, the offshore area is likely to become deeper and deeper as the sedi- D 
ent removed is not replenished from upcoast. The beach profile \ will thus at 
_ steepen until the coast on which the wall is cited is standing on a very dan- 
 gerous slope. Subsidence of the whole « coastal area is then likely on the — 
_ This pessimistic attitude: is, of course, a long term | view and no doubt ? 
_ temporary relief is available from such construction, which may be econom - 
ical, But here again the advisability of frequent hydrographic surveys | could 


- So far the effect of water level variations and the role of specific currents ee 


- has only been noted in passing. ‘Their influence on wave propagation is worth - 
an 1 open coast where the continental shelf rises tidal 
> range results ,ina ‘raising and lowering of the water level. This spreads a 
x energy | ‘of the surf zone over a a greater width of beach.(56) The width of the * ; 


offshore zone is not greatly affected by tidal range. 
| ‘y The spreading of the surf action in tidal areas means that low groynes, run 
cue out to low water mark, can be effective in 1 impeding the transport of sedi- ee 
ment. (57) Such groynes are relatively cheap to construct, unlike those on 


_ steeply graded beach of no tidal range. _In the latter case ‘economic 
prevent : an effective width of profile being z controlled. 
‘es The flatter beach profile of the tidal coast causes waves to be broken fur- 
_ ther offshore and the swift erosion of the beach is not so prevalent as with 


the almost tideless stretches of coast. Many articles could to 


— by experiment. 59) A stream opposite in direction to the oa 

E- the waves tends to stop them and break them. A flood tide, on the ee a 
hand, running with the waves carries newly arrived waves into those already — i 
in the slack water near the shore - This addition of the wave trains makes for _ 
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a wide spec spectrum of quasi-storm c conditions. tendency 
¢ erosion is offset by the spreading of the breaker energy over a wider area as 
te water level starts to rise, which also provides the beneficial effect of er i} 
la water table (see section 5). 
An estuary is defined as area of sea which is affected by the discharge 
off fresh water into it. Stratification occurs due to the differing densities; the 


fresh water overlays the salt w water which . penetrates the estuary in the form 7 


immediate cc consequence of | this wedge fc formation is that that the water 
4 n moving into the estuary on the flood tide is concentrated near the ocean bed 
q — _and thus moves sediment upstream. During the ebb-tide the water issuing a a 
_ the estuary is mainly near the surface. In fact, on the change of tide ae 
=a may be travelling in opposite directions at the surface and near the 
_ bed, This has been illustrated many times in the past and its influence on pum 1 
Now the effect of tidal streams on waves (noted in the previous section) is 
ae “ % to encourage this siltation process. The flood-tide carries waves into the 
5 estuary, making them longer and so helping them to “reach” the | bottom and 
churn up the sediment of the bed. In spreading their « energy over a . longer wf 
wave length, they flatten, are less likely to break, and so penetrate far into i 
the estuary (see Fig. 17) . The ebb- -tide, on the other hand, with its surface Me 


outflow, tends to shorten the waves and break them and so prevent them pene-— 


trating the estuary or disturbing the bed material. 

a =e _ The waves which are refracted to the sides of the estuary are carried in 
by the flood tide and broken at sharp angles to the shore. This generates a 
strong littoral san into the estuary. In fact the overall tendency is for estu- a 


From the foregoing discussions it may be concluded that 


) There are mainly two ) types of wave important t to consider in the 


drift process, , namely: storm waves of wide spectrum, 


) It is probable that the larger portion of the longshore tr transport of 
sediment occurs outside the breaker zone and not within it. 


typical beach profiles result from the wave systems 


om (a) above: the storm profile with its —s bar, and the swell — 


_ profile which is steep and usually accreting. OY 


- , In the storm profile, once the ‘bar is of sufficient size to Tp 


~ the swell, which therefore determines the net littoral drift and 
hence the physiography of the coastline. 
() Storm waves are only part of the cycle of beach e erosion, being i in- 
= strumental in placing material offshore for the swell to ‘act upon; 
es the original cause of the erosion is the predominant swell asso- _ 
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anes on - replenishment of sediment in the offshore 
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—— oS) thus the first storms Of winter cause the most denudation. 
____(e) Storm waves are much less frequent and of shorter durati( 
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ast 


fresh fresh 


contra current 


EPPECT OF ESTUARING CONDITIONS ON OCEAN WAVES. 
' (g) Any natural or man-made structures that restrict the percolation , 

si} Se of uprush water through the beach-face accelerate the erosion of Pit 


‘(h) Cyclones provide > the major for waves influential inthe 

Cyclonicity charts can be used for determing suitable years 

wave hindcasting or for survey periods of littoral move- 

in 4 a Oo Storm waves tend to arrive at widely varying angles to the a 


and, in general, in a different quadrant from the predominant swell. ‘) 


Groynes constructed normal to the coast can accelerate coastal 
groyne shaped as a half Y can maintain a coastline better 
A good insurance premium against losses in a “groyne 
_ supported” receding isa periodic | hydrographic survey 0 
The larger the tidal range on the less likely are storm 
we waves to denude the beach “overnight”, 
a: @ Wave and current conditions tend always to silt- -up estuaries. 
te 3 Littoral drift models should be able to reproduce to some scale: be 
the cycle of waves in direction and durationtime 
a the types of waves in their correct sequence-storm and 
Be at (iti) the sorting of th the movable bed material across 
(iv) the same rate of sediment replenishment, to the 
A _ under study, as in the prototype 
the rolling and of grains and the consequent ripple 


(vi) the breaking or reflection of the waves 


(vii) the currents in the prototype -tidal, littoral or meteoro- 
ane (wit the percolation of uprush water through the beach face 
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ps Much - of the material contained herein was included in a thesis ere 
as partial fulfillment for a Ph. degree in the University of Western Australia. 
Many of the ideas crystalized from discussions with scientists of the National 
Institute o of Oceanography, Wormly, England, where the author spent six a 
months in 1956-7 7 whilst the h holder of a Fellowship. 
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_ PRESENT STATE OF COASTAL ENGINEERING IN IAPAN 
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ABSTRACT 


Japanese engineers are striving successfully to improve the status of oan x 


coastal engineering in Japan. A complete bibliography of 


INTRODUCTION 


is Japan is formed of ‘small islands by the Pa- 
- cific Ocean and Sea of Japan. The coast line is long compared with the area; t ¥ 


B that is, the coast line is 16, 214 miles and the area is 142,338 ‘square miles 


Fig. 1). The interior geography is primarily mountainous a area, and so 

narrow band of open fields along the coast plays an important role in the eco- of 
10mic and cultural activities of Japan. Most of the large cities have devel- , 

pe in the coastal regions and have become hubs of the national economy. 

One of the foremost problems in Japan is that of recurring damage in the 

_ populated coastal areas caused by | tidal waves and extremely high tides. It 

_is the goal of coastal engineers to protect coastal areas from damage due to as 

natural forces and thus eeereee these areas for r optimum economic develop- 

> Since the end of World War 1, Japan has undertaken a large program of : 


‘gram of reconstruction c can n be ‘classified into the four | groups ‘Gacussed in ne 


4 Note: Discussion open until February 1, 1960. To extend the closing date a seth, 
; aaa written request must be filed with the Executive Secretary, ASCE. Paper 2169 py 
Pa part of the copyrighted Journal of the Waterways and Harbors Division, te 
_ of the American Society of Civil Engineers, Vol, 8 85, No. ww % September, 1959. xf 


Asst. Prof. of Civ. Engr., i Univ. of ” Tokyo; 5 Asst. 
= Research, Univ. ‘Calif., 1957- 1959. 
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cient trade routes and trading centers developed w are now (ne 
cipal economic centers of modern Japan. A problem exists in this country 
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— modern ships are being forced to use the quitentet facilites of pens 


ing harbors and are being barred from many ports by shallow channels. Nav-- 


Py: channels that were adequate for ~ agg ~draft sailing ships of the ‘past well 


An estuary, the ——s between salt water and fresh water, is the =. <4 


s waterway, such as an estuary, is deepened artificially, the channel has a , 
~ tendency to restore itself to a natural condition; this is done by heavy ~~ : ape 
ment depositon. Such deposition in the mouths of navigation channels can be “Ta. -, 
reduced by the construction of jetties which constrict the flow, increase the } 
"velocity, and thus keep sediments in n suspension. | The planning and design of : 
these structures are quite difficult, as they have conflicting requirements; _ Ss 
_ that is, 1) the mouth of the river should be opened sufficiently to permit rapid ay 
~ flood discharge v without the severe inundation due to the backwater effects, and al 
2) it should be kept sufficiently narrow to maintain navigable depths. Such at 
coastal structures often cause severe beach erosion along the downdrift shore. a 
A general tendency in modern practice is to separate the harbor areas from +. 


The saheiieniis above is but one aspect of estuary teesitenent in sine 
lization. _ Another common problem in river improvement is the natural ae 
ing of river mouths. This phenomenon is very complicated, because of the ; 
interaction of river flow, waves and bed materials. An these 


x As mentioned before, the coastal areas are used extensively, and at the : a ; 
same time they are . always exposed to wave action. | Therefore, beach erosion Rod 
is becoming one of the most important problems in Japan. ‘The coastal area ~~ * 
bordered by the Sea of Japan, especially in the vicinity of Niigata, Toyama, 
- Miyazu and Tottori, are eroded severely by the ocean waves and longshore 3 
_ currents. - This action is most severe during the period of seasonal winds in ae s 
Minter. On the coastal | areas bordered by the Pacific Ocean, damage to port — 4 
facilities and ships is caused by the typhoons generated in the Pacific Ocean 
to the south. It is also believed that the main causes of beach erosion along a 
“the southeast coast are these same typhoons. Fortunately, beach erosion 
damage is not as severe here as it is on the northwest side of the ; oe 
t Nevertheless, several examples of strong beach erosion can be seen in the we aa 
areas of peep, Aichi-Mie, Sennan, Akashi, Kochi, etc. (see Fig. oti 


Construction stion of Ha Harbors Along Sai Sandy Coastal Areas 
Construction of harbors along sandy coastal areas has proven to be a 
difficult task; this can be by the harbors and coastal 


"Prevention of Blocking of River Mouths 
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Pat 
structures that failed due to the failure to consult 
_ with coastal engineers. However, the planning and construction of modern | 


ports has been realized recently, a typical example of which can be found at : 
m) The successes of the new harbors have resulted mainly because the new 
knowledge of coastal engineering, especially that developed in the United 
States, has been introduced in Japan; and the number of engineers who study — 
4 and | engage in this field has increased. A large number of papers and reports 
4 concerning research and construction works have been published to improve © 
_ the technique of coastal protection, harbor construction works, etc. = 
Bs _ Since 1950, several Conferences on Coastal Engineering have been held in 
_ the United States. The proceedings of these conferences have had an import-_ 

ant influence on the Japanese engineers, and a Committee of Coastal Engineer- 

 ingw was organized in 1955 as one division of the Japan Society of Civil Engi- " 


: neers. A conference held in 1954 in Kobe has been termed the first Confer-_ 
ence on Coastal Engineering in Japan. Since then, conferences have been held 
- annually in November. ‘The proceedings published at these conferences have i 
been widely distributed in Japan, and the resultant instruction of engineers © a 
a As one of the Japanese administrative laws, the Coast Act was legislated em) 
and came into effect in 1956. As a result of this act, the staff members of 7: 
_ the Committee organized a subcommittee for publishing the “Design Manual _ 
a for Shore Protection Works” in order to give common standards of techniques 
the three ministries, —Ministry of Public Works, Ministry of Transporta- 
cons and Ministry of Agriculture and Forest—which are each concerned aes 2 
= problems. Ih preparing the manuscript of this: manual, the U. Ss. 
- Beach Erosion Board’s publication, ‘ “Shore Protection, Planning and Design” ; 
ve quite helpful. Beside this, the results of field tests made both in Japan 


and elsewhere were analyzed to make this manual as reliable as possible in 


summarizing the state the art of ¢ coastal 


= ese, , althou h one ae have been transiated into En lish. 


Coastal engineering isa branch of Civil Engineering that leans heavily | on 


hydraulics, geology, soil mechanics and oceanography. It is probably diffi- 


al 1 engineering field in Japan are included in this section. cups aie 
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Report of Field 


at There are many places in Japan where natural adverse p phenomena occur; a 
ica f for example, beach erosion, blocking of river mouth, sedimentation in the ae 


navigational | waterways, etc. Solutions to these problems require much plan-— 
ning and time. For that reason, many engineers b undertaken lengthy 


orts §} improvements have been planned and actual works have been conducted. ef? ASat 


d in ‘The main motive element of coastal phenomena is the e energy of waves — a 
ort- § which are generated by the transmission of wind energy to the water through 


neer-§) the boundary between air and water. _ Therefore, the relation between winds 
ngi- and waves is of great interest to engineers. The fundamental a 
och of waves have been studied, in which the dynamic pressure caused by waves 
held occupies an important part. Field observations of waves contribute jwaves 
ave - toward an understanding of actual wave phenomena; hence, several devices for : 


xy |} wave measurement have been developed and actually applied in the field. Fi- 
3b g nally, more information concerning the Tsunami and abnormal high tides, — Wy 


especially the latter caused by typhoons is needed to help coastal engineers 
of 2% plan adequate structures that may prevent future damages to coastal areas. = 


with os There are many types of currents in the sea such a as ocean current, rn 
aa current, longshore current, etc. One of the most important currents to = 
oT 


is the current. T his current is located in the 


are two phenomena, one of which is the density carvent 
in the ordinary flow condition, and the other is ‘the 
in the e areas of high tid tide pee 

Coastal Sedimentation 

Tt is a recognized fact that the amount of sand transported by waves | and 
Free currents e~ an important role in determining the stability or 


section the reader can find the reports concerning field observations and 
experimental research on the subject of sand drift. 


here are , ean types of structures constructed along the coastal areas. 

For example, the seawall, breakwater, jetty, groin, etc. are included. 

1. Wiegel, R. Waves, Tides, Currents and Beaches: of Terms 


; 


and ‘list of Standard 


a 
| 
pan 
in | _ breaking at an angle with the shoreline.” The tidal current through astrait | — 
also has an important influence on works designed for facilitation of naviga- 
g in 
ate 
an- 
af 
ly on 
ffi- 
he ealwed in arder ton imnrove the taéchni af enactal In 
elated 
con- — 


a writer wishes to express his appreciation to J. W. Johnson, Profe ssor | 


gn 


of Hydraulic Engineering at the University of California, for his critical read- 


BIBLIOGRAPHY OF JAPANESE PAPERS 


ON OF JAPANESE PAPERS 


La written in Japanese unless otherwise 


ao 1. Aki, E K, , Beach erosion in Japan, Proc. of Minn. Int. Hyd. | Convention, 1953. 


. 1st Conf. 
= Coastal Engr., Japan, Nov. 1954. 


3. Hamada, T., Breakers and beach erosion, Rept. of of Transportation Tech 


Ishihara, Present state of engineering Proc. ist Conf. on Coast 
‘5 a Council or on* Coastal Engr., Design Manual for shore protection, agen 


Hydraulic Handbook, 1957. 


. Kikkawa, T. Coast of of Japan, Kagaku- -Asahi, vol. 


8. Kuroda, Harbors due to. typhoons and prevention works, 


Di ast and t A (1956, Ss E. Tee 


Sato, S., On the sand drift, of Public Works Research Ins 
— | Rept., Offshore waves, nearshore waves, and breaker, vol. 79 Mar. 


Rept., Experimental research concerning the and beach erosion 
(with H. Kikkawa), vol. 79, Mar. 1950. j= 


_ 4th Rept., Shallow water, surface waves, vol. 82, No. 5, Mar. 1952. ial 
5th Rept., Length and interval of coastal groins, vol. 83, No. 4, Mar. 1952. 


a - Rept., On the sand drift at Yumigahama (Y omigahama), (with M. Hosoi), : 


6th Relation between wind and waves, vol. 85, July 1952 


‘Fuse, Coast, Proc. of 4th Conf. on mn Coastal Engr., 
3 


— 

The papers that cannot be classified under any of the above headings, but 

hich are more or less related to coastal engineering, are listed inthis 
— 
{4 

— 

7 

— 

i 

— tts 

% 

— 
— 

— 

— 

— =i 

- 
— gand movement. (with T. i 

| 


‘COASTA L 


Hamada, T., lshinomaki Harbor as an estuary 


bal Hamada, T., K- Okubo, and N. Hase, ‘Technical report or on Ishinomaki Har- 
and ° Toba Transportation Research Inst., March 1951. 
‘Hamada, T., Model study of sea walls at Amagazaki, ‘Rept., Trans. Tech. 


‘Hamada, Several problems concerning the beach erosion at Niigata, 

Hayami, Hori, , and S. Adachi, On the at Tomari i 


Today T. (Editor), on Tomakomai Coast, J. of Hokkaido 


Public Works Res. Inst., vol. 5, March 1952. 


9. T., Y. Iwagaki, and T. Murakami, Field survey at the 
Pst Coast of Akashi-Strait, Proc. 3rd Conf. on Coastal Engr, Japan, Nov. 
Ishihara, T., Y. ‘Iwagaki, and T. Murakami, On the of beach 
erosion along the north coast of Akashi-Strait, Coastal Engr. in Japan, — 


1, 1958. (In English) Wire: 


reg 
Iwasa, N., and T. ‘Kubo, Beach erosion and countermeasure at Imazu 


» Proc. 5th Conf. on Coastal Engr., Japan, Nov. 1958. a) 


12. Kaneko, and M Fujishima, First +t of study or on 
_  Hamana Harbor, Monthly Rept. of Trans. Tech. Res. Inst., vol. 5, No. 4, 


Kobayashi, Y., Beach erosion at coast, 4th Conf. on Coastal 


N 1957. a 
14. _ Kyoto Prefecture, Report of the iis drift at Miyazu Coast, , April 1957. i 


15. -Moriyasu, T , Beach erosion and protection works at Kozu Coast, Tottori 2 


Prefecture, F Proc. 3rd. Conf. on Coastal Japan, Nov. 1956. 


16. Nakajima, Disaster at coasts s of Aichi and Mie Prefectures due to the 


Niigata Prefecture, of Niigata Harbor (Prevention work 
against shoaling of harbor area), Aug. 
7) 
18. Niigata Shinano River Construction Office, a 
_ On the amount of sand scoured along west coast, Mar. 1955 ee 4 


the wind at the Niigata west coast in Winter, 4 
On the waves at the Niigata west coast, Mar. 1955 


On the longshore current at the Niigata west coast, 195 
- 19. Nishikawa, T., Prevention works against high tides in Wakayama ge 
ture, Proc. 5t nf. tal E oy Nov. 1 
20. Sato, S., Prevention way against stopage at the mouth of Kanbe River, 
and Conf. on Coastal Engr., Japan, Nov. 1955. | 
21. ‘Tatsumi, H., Protection works at Tanegaki coast (Kochi Prefecture) Proc 


3 or 
sor 
cad- 
— 
for 
1052 
nf. 
Japan 
at = 
ig | 
in | | 
Hosoi), 
<a 
q 
Proc. 


“Ist Rept., Sand deposition at Harbor a beach along 


2nd Rept., On the beach erosic erosion at Niigata Coast, Dec. 1951. 


4th Rept., Sand deposition at Niigata Harbor and beach erosionalong 


24. T., Ss. M. Fujishima, 2nd report of study on 
“3 Hamana Harbor, Model experiment, Monthly Rept. of Trans. Tech. Res. | 


—Inst., vol. 5, No. 6, , June 


= “Tokushima Prefecture, ! Rept. on the beach — at Ban- no coast, 


Ist Rept., Outline of the field observation, January 1953. 


a 26. ‘Tottori Prefecture, Reports on countermeasure \ works against sand drift — 


Tart 


Tottori t, A 11950. 


Prefecture, of b beach the Bay area, Feb. 


- Yamada, s., On the beach erosion at Niigata Coast, Proc. 2nd am on 

Coastal E J » Nov. 1955. 

30. ‘Yamamoto, M., Study of sand drift at the entrance of Urato a and iy 
_ harbor plan, Proc. JSCE, vol. 22, No. 


Aoshima, H., and K. Tsuda, A of wave obtained 


Hayamt, 8, Mechanism of breaking waves, Proc. ist Conf. on Coastal 


by indirect observation with those obtained by direct observation, Proc. 


Ener. in Japan, vol. 1, 1958. (In 


‘ae ee 6. Hayami, S., Critical Steepness of breakers, Annual Convention of Ocea- 


raph Ja an, April1955. a q 
1. Hayashi, Proc. Conf. on Coastal Engr., Japan, Nov. 


—— 
— ‘ » 

4 
— 

— 
— 1s. 
— “a 

— 16 

20 
— 

3 

— af 
— 23 

a 


COASTAL ENGINEERING 

‘Hidaka, K. Yoshida, and K. Kajiura, report on the obser- 
vations on ocean waves at the Hach Hachijo Island, Records of Oceanog. Works 


Japan. (In English at 


9. Hom- -ma, M., On the deformation of long wave, Proc. ‘SSCE, 1953. - 


10. Hom- -ma, M., Refraction and diffraction of waves, a ist Conf. on ea 


Some Remarks on the non-linear of 


Ichiye, T., 1€0 
i 4 on a sloping beach, Oceanog. Magazine, vol. 4, No. 4, 1953. (In English) 


12. ‘Tjima, T., Takahashi, and K. Nakamura, ‘Wave characteristics in the 


-_ surf zone observed by stereographic ¢ camera, Proc. 3rd Conf. on 1 Coastal — 
13. ~ os T., Properties of ocean waves on the Pacific Ocean and the Japan — 


Sea Coaste of Japan, Trans. Tech. Res. Inst., No. 25, 1957. (In English) 
- Kajiura, K., S. Daidoji, and S. Unoki, Waves at Hachijo Island caused by ia 


a " typhoon Tess and Alice in 1 1953, Ks Meteor, Res., V vol. 6, No. 7, Sept. 1954. fe 


15 Kishi, T., P Profile of clapotis in shallow water and its critical conditon rail 
of breaking, J- of Res., Public Works Research Inst., 1954. 

16. Kishi, ' T., -Maximum wave in shallow water, Proc. 4th Conf. on m Applied be 


Ki Kishi, T » On the waves near the roc. 2nd | Conf. Coastal Engr. 


18. Kishi, T., Energy dissipation of shallow water waves due to bol bottom 
tion, J. of Res., » Public Works Re Res. Inst., No. 93, 1956. 


9. S., Recent development of waves from the 


of view. Congress of Modern | Mar. 1953. 


20. Nakano, M., Investigation on effect of prevailing winds: upon the 
fa Of bays, Japanese Geophysical Magazine, Vol. 9, 1935; vol. . 10, (1936, , and 


M., s. Unoki, A note on forecasting 
typhoons, Rec. of Oceanogr. Works in Japan, vol. 2, No. | March 1955. 


‘Nakano, M., , and S. Unoki, On the ocean: waves at Hachijo Island. J. 


oa Nakano, M., S. Unoki, , and Y. Kuga, ‘On the result of wave ‘observations a a 


Jogashima Island and its application to wave forecasting ‘Meteor. Res. 


Nakano, M., Outline of recent research on n sea wa waves, Proc. Ist Conf. on 


(25. > Okada, ‘T., , Relation the ‘and the of 


26. Sato, S., Pressure distribution dae to surface waves, J. of Research, _ 


3 
| 
— 
q 
ial 4 
ift 
Feb 
= 
— 
ined 
The 
—— 
al 
a 


Inst., Vol. 1, No. 2, 1954. (In 


Sato, S., On the the Disaster and Countermeasure, Aug. 4 


_ Takahashi, the wave and current at 3rd 


‘Tanaka, K,, | On: the see seepage ge of waves through structures, Construction a 


E ae ‘Tanaka, K. On the distribution of waves in harbor, Tech. Rept. ¢ of the Osaka 


33. Tanaka, K, Hydraulics of breakwaters, Congress 0 of Modern E 


Tanaka, K., Outline of mathematical analysis of sea 2nd 
Conf. on Coastal Engr., Japan, Nov. 1955. 
Tanaka, K., Wave ‘diffraction around a island, Proc. 3rd 
Coastal Engr., Japan, Nov. 1956. 
“Tanaka, K 


ae 37. Udai, G Devices “using a transit for the wave observation, ‘Proc. 2nd Conf. 


8. -Unoki, s., , On the ¢ characteristics of ocean waves in the area of typhoon, _ 


Proc. Sth Conf. on Coastal Engr., Japan, Nov. 1958. 


-Unoki, s8., the apecd, ‘esis and of ocean ¥ due to 


1 cycl Meteor, Soc. vol. 34, 1956. 


). Unoki, , On the ocean waves due to tropical Dis- 
— _ tribution ‘of waves viewed from geometric consideration and tO 
"reconnaissance by air- J Meteor. Soc., Japan, vol. 35, 


1. Unoki, S., On the ocean waves due to tropical cyclones (3rd Ae Mean E 
of wave heights and periods, J. Meteor. Soc vol. 35, 
———_ , S., On the ocean waves due to tropical quan Soo paper) Energy 


wanes and so: some other ‘subjects, J. ‘Meteor. Soc., . Jap in, vol. 35, 1957. 
43. 8. Yamada, iL, | Highest waves of permanent type on the surface of deep a af 


water, Rept. . of Research Inst. for Applied Mechanics, vol. V, No. 18, ae 


4 H.. » On the solitary wave, Rept. of Inst. for 


— 


o 


Yoshida, on the co- -existed system of waves and currents 


int the Part I. Inst., , Univ. of Tokyo. En 


— 
u 
— 
— 
— 
4 
— n 
vd 
— ied 
4 
a 
— 
“10. 
13. 
13, 
a 
— 
4 


46. 6. Yoshida, K., —_ distribution in the wind-wave- -spectrum, geophysical - 
Inst., Univ. ‘of Tokyo. (In English) 
47. Yoshida, On the forced wave ina canal of f rapidly section, 


Geophys. Inst., » Univ. of (in 


‘Hamada, » T-, H. “Mitsuyasu, and Variation of bottom pressure 
oe by progressive waves, Proc. 2nd Conf. on Coastal Engr., Japan, © 


Hamada, T., H. Mitsuyasu, and N. Hase, Wave pressure on the structure, 


Proc. 3rd Conf. on Coastal Engr., Japan, Nov. 1956. 


3. | Hayashi, T., and S. Hattori, Breaker of solitary wave and its shock adie 
sure, Proc. 3rd Conf. on Coastal tal Engr., Japan, Nov. 1956. 
ab 


4. Hayashi, T. and S. Hattori, Breaker pressure, Proc. 4th Conf. on Coastal 
5. T., and S. Hattori, Pressure of the breaker a vertical 
be ll. Coastal E 1. 1, 1958. (In English —— 
Hayashi, T., 


breakers, Seve. 5th Conf. on Coastal Engr., Japan, Nov. 1958. 
I 


T., G. Udai, Muraki, M M. and N. Ishida, ‘the 
wave pressure on a breakwater (ist Rept.)—Field records at Haboro | 


Harbor— —Proc. 5th Conf on Coastal Engr., Japan, Nov. 1958. 
9. eae H., and N. Hase, Experimental Study on Wave Pressure, | Month- 
Rept. o ‘of Transp. Tech. . Res. Inst. ‘ vol. 5, No. 1, 1954. 


‘ 10. Nagai, s., Ast study on the breaker pressure on 1 a breakwater, site cael 


‘Modern Hydraulics March 1953, JSCE. 

=» 11. Nagai, S., and I. Yasuki, Breaker pressure acting 0 ona a breakwater, Proc. 
4th th Conf. on Coastal Engr., Japan, Nov. 1957. 


2. Tanaka, K., , Wave action a ist Conf. on 


134. Tanaka, K K., | 


_Ichiye, T., On the high tide Jane Typhoon, ot Oc 
a Contral Meteoro. Observatory, vol. 2, No. 2, 


T., High tides + and of area, , Congress 


Central Meteor. Observatory, vol. 3, Nos. 1 & 2, June | 1953. 


4 Kishi, T., M. Tominaga, and T. Oide, | Meteoralogical and tidal 


at the of Tone River, Proc. 3rd Cont. on n Coastal Engr., 


‘No. 
— 
Osaka 
ics, 4 
f. on 
mee 
| 
ean 
35, 
Bar. tg 
; 


Prec Ist Conf. conta: Boer, 
8. Miyazaki, M., 02 
Proc. 3rd 3rd Conf. on Coastal Engr. Nov. (1956. 
M., Seasonal variations of the sea level the Japanese 


10. Nakamura, S., the high tide in Osaka Ber, J. of Society 


“Nomitsu, T., , Study on high tides in Kansai district caused by 

typhoon, Geohphsics, Japan, No. 4, 1940. (In English) 

: 13. - Takegami, om A study on the effects of a traveling atmospheric disturb- 
ance in the sea- -surface, Mem. Kyoto Univ. A. 21, 1938. (In English) _ 


14. Wadati, K., On high tides in Osaka vod caused by typhoon, Umi to Sora 


H. On the high | tides in n Tokyo caused by = 


typhoons, Umi to Sora (Sea and Sky), vol. 19, No. 3, 1939. 
ie Wadati, K., On the tsunamis in Osaka Bay | caused by typhoons, Umito 
| Sora (Sea and vol. 18, No. 12,1938. 
es - Wadati, K., and T. Hirono, Storm tides caused by typhoons, Proc. hae 
m on T hoon, 1955. (In English) 
18. . Yamada, H., High tides: caused by traveling atmospheric depression, Umi 
Sora” (Sea and vol. 16, No. 11, 1936. 


; Ichiye, T., Umi to Sora (Sea and Sky), vol. 27, No. 3, 1949. 


2. “Ichiye, T., Tsunami as a flow over beach (1), to Sora (Sea | 


generation, Part I, Bull. Supplement, Earthquake Res. Inst. 


ny _ Takahashi, R., Ont tsunami caused by movement of sea bottom, Bull. 


nd Supplement, ‘Earthquake Res. Inst., No. 20, 1942, Univ. of Tokyo. taken’ 4 
— 5. " ‘Takahashi, R, Measure for danger of tsunami at each location along the 


De ain Pacific Ocean, in Japan, ‘Supplement, Earthquake Res. Inst., No. 29, 1951, 


"Takahashi, R R., A model experiment on the mechanism of seismic sea waveR 


Miyazaki, M., High tides along the Osaka Bay area, Oceanogr, Re 
Ty 
— 
4 
— 
° 
— 
6. 
— 
— 
— 2. 
— 
’ 
— b Oy 
— 
a 
| 
_ 8. 
— 
4 


Abnormally high waves or “Tsunami”, on the coast of 
——- in Japan on March : 3, 1933, Bull, Earthquake Re Res. Inst. Separate 
No. 1, March 1934, University of | Tokyo, (In English) 


‘iy H., and M. Yoshitake, Report « on ext. Cen- 


tral Meteror. Observatory, 9 vols. 1935. 


- Central Meteoro. Observatory, Muroto 1934. 


3. Central Meteoro. Observatory, Muroto typhoon, 1935. 


Meteoro. Observatory, typhoon, 1951. 
5. Hashimoto, Y., Report on Jane typhoon, 


6 = bureau, Jane typhoon, of Bureau, 


Fukushima, H., and Hl. Mizoguchi, meter for the 


 ofn near shore current, Proc. 3rd Conf. on Coastal Engr. » Japan, Nov. 1956. 
_= Hayami, S., Y. Fukuo, and D. Yoda, Tidal current mixing between the 


“4 Harima- Nada and the Osaka Bay divided by Strait of Akashi, Proc. _ 


Conf. on Coastal E r-, Japan, Nov. 1956. HG 

Hayami, S., A. Higuchi, and K. Yoshida, Similarity of hydraulic models 


involving the action of tidal current, Proc. 5th on 


Ichiye, T., Sea condition at Kii channel Meteoro. 


atory, Rept. of Oceanography, vol. 2, No. 3, 


a 5. Ichiye, ‘T.; On the variation of oceanographic elements due oe the tidal 
currents, Mag. vol. 4, No. 3, 1952. (In English) 


On the Longshore current by loa, Proc. 


10. , Study on typhoon characteristics in respect of wave 


development and distribution of longshore current, Proc. 3rd Conf. on 


Engr., Japan, Nov. 1956, Also Constal in Japan, vol. 1, 


Sato, S., T. Kishi, S. . Sato, ¥. Kawakami, s. Osada, A model test for 
‘Tomakomai Harbor—On the current induced at the breakwater— Proc. 5th 


on Coastal Sage, degen, Nov. 1958. 


i an 
— 
att 
in 
baro | 
lish) 
ra 
— 
— 
— 
TESCO 
— 
Umi } 
Iwata, K., Simple Method of investigation of tidal currents in narrow 
1934, Mashim Fetimation of longshore current and of maximum wave 
— 
the 
1951, 


1. Hamada, T., and K. Okubo, An observation of velocity dilated of mall 
jum period in a tidal estuary, Rept. of Transp. Tech. Rese. Inst., - No. a 


ys ~, Penetration of salt water in tidal rivers and their tributaries 
in maritime canals and in ports, XVIIth Internat’] Navigation Congress, _ 


Hamada, ‘T., On the internat jump, Proc. 5th Conf. on Coastal Engr., 


i. tein, T., Ke ‘Tanioka, On the hydrographic c conditions in Osaka Bay ay after 


the rain caused by the “Della”, Pop. and Rept. in Oceano., 


Mem. ‘Kobe Mar. Obs., » Vol. (In English) 


Ichiye, T Moriyasu, and H. On the 
ne at the north of Osaka Bay after the — ‘rain, Ocean. - Rept., Central Met. 
ae Obs., vol. 3, No. 1 & 2, 1953. 


& 1. ‘Sali Ti. A note on on the stationary current in an estuary, J. of Ocean. Soc. ) 


Pe 8. —— T., On the tidal flushes Proc . Ist Conf. on Coastal Engr. Japan, — 
Nov. 1954. Wok, ters. anc 
"9 Iehiye, T., On the estuary hydraulics, Proc. 2nd Conf. on Coastal Er Beers 

10. Ito, T., S. Sato, T. Kishi, and M. Tominaga, On the salt wedge at at river 
mouths, Proc. 5th Conf. on Coastal Engr., Japan, Nov. 1958. 


11. Makimoto, H., H. Maeda, and S. Era, Relation between and sil- 


icate concentration of water observed “4 Rec. of Ocean. 


Works in Japa (In English) 


1935, Earthquake Research Inst., Univ. of Tokyo, 
Takano, K., On the salinity and velocity distributions off the mouth of a5 
 tiver, J. of Ocean. Soc. , Japan, vol. 10, No. 3, 1954. (In ia F 


‘Adachi, s., On the bar, P 3rd Conf. on Coastal Engr, J Japan, 


= Adachi, S., A. Koai, Experimental on shoaling of areas, 


Proc. 5th Conf. on Coastal Nov - 1958. 


"practice on sandy beach, Proc. JSCE, vol. 12, No. 6, Dec. 1926. 


a 
— 
— 
— 
3 
— 
a nia 
— 
7 
13. 
— 
— 
14 
on? 
a. 
15. 
5 
4. 
ay 
7 
= 4 18. 
— i “19 
— 
— 
— . 
— 
ade 
Akiba, M., On the relation between sand size and critical wind speed for 
starting the sand movement, J. Agricultural Engr., Japan, vol. 6, No. 


Py 


7 


- 


, H., and Y. Mizoguchi, Sampling method of sand, Proc. 

2nd Conf. on Coastal Engr., Japan, Nov. 1955. 

- Fukushima, H., Y. Mizoguchi, and M. Kashiwamura, sand drift and its 
measurement (1), Proc. 4th Conf. on Coastal Engr. Japan, Nov. 1957. 

‘7. Fukushima, H., and Y. Mizoguchi, Field investigation of suspended Littoral 
drift. Coastal Engr. - in Japan, vol. 1, 1958. (In 


atime, H., and ™, Kashiwamura, Characteristics of littoral 4 drift and Wes 


ull. of Disaster Prevention Research Inst., Kyoto Univ. No. 5, 1953. val =a 
- Hom- -ma, M., On the sand drift along the Japan Sea Coast. J. of Res., 


: Hom- ma, M, , Report . on the ss sand drift along the prin in Sinai, + ‘of Res., ae 


Public Works Res. Inst. No. 73, Nov. 1943. 


Hom- ‘ma, M., K, and C. Sonu, A on beach sediment at 


13. M., K, 
Enoshina Kamakura Proc. Sth Conf. Coastal Engr., “Japan, 
Ichiye, note on the suspension of by the wave action, 


Lae Ijima, T., S. Sato, and K. Hayase, On the sand drift at Irako Harbor— Field 
observation using the Radioisotope material—Proc. 5th Conf. on Coastal Barats 


16. Ikeda, Y., On the sand movement along the model breakwater, the Mem-_ 


oires of the of ‘Engr. vol. 9, No. 1, 1952. (In 


= 


"Proc. 2nd Conf. on Coastal Engr., Japan, | Nov. 
19. Inose, s., and N N. Shiraishi, ‘The of Littoral drift by Radio- 


Tsote Isotopes, The Dock & Harbour Authority, Jan. » 1956. (in “in English) 


20. Inose, S., S. Sato, and N. Shiraishi, On drift i in of 


Tomakomai Harbor, Proc. 3rd Conf. on Coastal Engr., Japan, Nov. 1956. 


Ishihara, and Y. Iwagaki, On the effect of sand storm in controlling 
the mouth of the Kiku River, Bull. of Disaster Prevention Res. Inst.) a 


to 


22. Ishihara, T., ,T. Sawaragi, and T. Amano, Fundamental study on the a 


chanics of sand drift, (lst Rept}, Proc. 5th on Coastal 


isc — 
— 

Oey — 
re 
— 
ons 
Met. 
q 
— | 
7 
sil- 
an. — 
apan, 
reas, 
on 
— 


Iwagaki, Y., Erosion at shoreline, Proc Conf. on Coastal Engr., 


Iwagaki, , and T. Sawaragi, study on equilibrium slopes 
: is of beaches and sand movement by breaker, Proc. 2nd Conf. on Coastal — 
 engr., , Japan, Nov. 1955. Also Coastal Engr. in Japan, vol. 1, 1958. 


- Kawamura, R., Sand movement by) wind action » Kagaku (Science), vol. 1 18, 


Pat 26. Kawamura, R., » Study on sand movement by wind, Rept. of the Inst. of | 


Technology, Uni Univ. of T Tokyo, vol. ‘5, No. Oct. q 


- Kawada, S., Fundamental stu study. te against wind and move- 
2 


8. Kubo, T., of moving ‘sand at inlet, Proc. Ast 
Conf. on ‘Coastal Engr., Japan, Nov. 1954. 
Flees Kubo, T., Sand drift at the mouth of river, i 2nd Conf. on Coastal 2 
¢ 


Engr., Japan, Nov. 1955. 

30. Kubo, T., and Y. Tanaka, A model study for preventing the stoppage of 
River Mouth, Proc. 5th Conf. Coastal Engr., Japan, Nov. 1958. 


31. Kurihara, M., K. Shinohara, T. Tsubaki and M. Yoshioka, Experimental © 


study of nearshore sand movement caused by wave action, Proc. 3rd oon 
on Engr., Japan, Nov. 1956. 


Mashima, Y., Study on li littoral drift and longshore current. Proc. 
- Conf. on Coastal Engr., +, Japan, Nov. 1955. Also Coastal ~— in Japan, : 
vol. 1, 1958. (In English) 
38. 3. Mashima, Y., Amount of littoral drift, none 5th Conf. on Coastal Engr., 


Japan, Nov. 1958. 
34. ‘Niigata ‘Prefecture, Shinano- River office, On the variation d 
bottom profiles under rough s sea, April 1958. 
— 35. Nomitsu, T., Sand bars and sand ripples in the lakes and ocean caused by 
36. Osada, T., , Variation o of shorelines in n the | vicinity of harbors in Niigata i 
"Prefecture, Proc. | Sth 1 Conf. on Coastai » Japan, Nov. 1968. 


‘Sato, of the drifting ‘sand nea near the bottom of the shallow sea, 


ns a % ‘Kishi, and M. Tominaga, Sand drift intend Kaike-E Beach, ch, Proc. 


4th Conf. on Coastal Japan, Nov. 1057. 


K., T. Tsubaki, and T T. Saito, Experimental study ¢ of | the — 


ve e action, Proc. ‘Sth Conf. on Coastal Engr., Japan, Nov. 


4 


Q 


WW 
643. 
a4 

— 
— 
“4 4 
— 
é 
q 
a 
— 
— 
— 
ph 


slopes 


SI Shinohara, K. | T. Tsubaki, M. -Yoshitake, and Ch. Agemori, Sa Sand trans-— 
ai port along a model sandy beach by wave action, Coastal Engr. in Japan, 


1, 1958. (In Engli h 


halk Shiraishi, N., Field survey of sand drift neniinatnn harbor construction 
works, Proc. 4th Conf. on Coastal Engr., Japan, Nov. 


44. Terefe, 
Gakugei Zatsushi, vol. 38, No. 475, 1929. 
45. ‘Toyoharay On the size of sand at Yomiga- Hama, 3 ot Japan 
n 
“4 Society of Academy, vol. 12, No. 2 2, 1987 
G., A study on the. slope on of the 
Japan Society of Academy, vol. 14, No. 3, “a 
1 My Aoshima, H., Disaster occurred during the construction of a block break- 
water, Proc. 4th Conf. on Coastal Engr., Japan, Nov. 1957. 


2. eo a Construction of a lighthouse in an open sea, Proc. 4th Conf. a 


Fujino, Y., T. Ijima, and K. Yamase, study on ‘rubble mound 


Hom-ma, and T. Sakou, An of break- 


water,—on variation of bottom profile—Proc. i= Conf. on Coastal Engr., 


Horikawa, K., and C. Sonu, Experimental study of a submerged nesek- 


5. 
water, 12th Annual Convention, June 1967, 


6. ‘Horikawa, K., Japanese construction practice of groins, ASCE, meeting at 
hi Univ. ,» Oct. 1958. (In English) 


Horikawa, K., and C. Sonu, An experimental study on of groins, 

7 Coastal Engr. in Japan, vol. 1, 1958. (In English) © ——— 
r Ishihara, T., Y. Iwagaki, and Y. Suzuki, Design of sea walls—on the effect- ; 
bias ive height —Proc. 2nd Conf. on Coastal Engr., Japan, Nov. 1955. any : 

.* Ishihara, T., Y. Iwagaki, and H. Mitsui, Effect of sea walls on overtopping, i 
hap Proc. 4th Conf. on Coastal Engr., Japan, Nov. 1957. 


| 10. Kato, S., Various sections of sea walls and their damping action of wave ie, 
energy, Proc. 5th Conf. on ‘Constal Engr., Japan, Nov. 
11. Kishi, T., Experimental study of wave run-up on sea wall and shoreslope, 
J. of Research, Public Works Research Inst., No. 4, March 196 1958. 
ubo, T., by fundamental test of jetty in river mouth, 
3rd Conf. on Coastal Engr., Japan, Nov. Coastal Engr. in 


Japan, vol. 1, 1958. (In En lish) 
, Experimental study on jetties at outlet, ‘Proc. 4th 


; Coastal | Engr., Nov. 


V3 
japan, 
In 
18, 
4 
ist 
— 
— 
gr., — 
ed by 
ta 
sea, 
1949. | 
Proc. 
oc. 
‘oastal 
Nov. 


"September, 1959. 
44. Kurihara, M. nile breakwater, Proc. “1st Conf. ¢ on Coastal Engr., 
- Japan, Nov. . 1954, Translation by K. Horikawa, Univ. of Calif. Inst. of ae 
a Engr. Res., Wave Res. Lab., Technical Report, Series 104, Issue 4, 1958. 


Kurihara, M., Pneumatic breakwater (II)—Field test at Iwojima— Proc 

; a Conf. on Coastal Engr., Japan, | Nov. 1955. * Translation by K. Horikawa, 
tie Univ. of Calif., Inst. of Engr. Res., , Wave | Res. Lab., , Technical es, 


104, Issue 5, 1958. (In En 

Kurihara, M., Pneumatic breakwater (1m) — Field test at Hajima—Proc. — 


3rd Conf. on Coastal Engr., Japan, | Nov. 1956. Translation by K. Horikawa,j 


Univ. of Calif., Inst. of Engr. Res., Wave Res. -Lab., Technical Rept., 
‘Series 104, Issue. 6, 1958. English) 


Kuroda, Coastal protection ‘around Niigata — -submerged breakwaters— 


S., New design of breakwaters with and of struc- 


_ tures with ‘sloping faces: a) for port protection, b) for coastal protection, 
18th Internat’1 Navigation 1953. (In English) 

Nagai, S., Study of coastal Proc. 2n ngr., 
Nagai, S., Arrangement of of groins on a beach, Proc. ASCE, 
ways ‘and Harbor Division, 1956. (In English) = 

22. _ Nagai, S., _ K. Kubo, and K. Akai, Particle motions in the vicinity of of groins, 


23. Nakajima, , Difficulties on design and construction of seawalls, Proc. 
4th Conf. on Coastal , Nov. 1957 pares! 
24. Sato, S., and T. Kishi, Study of sea walls (1)— clashed \ wave ‘height at sea 

of Res., Public Works Res. Ho. 89, 1954. 


(In » English) 


at Sato, | S., and T. Kishi, Experimental study of wave run-up on sea wall pe 
_ shore ‘slope, Proc. 3rd Conf. on Coastal Engr., , Japan, Nov. 1956. Re. Also 
Coastal Engr. in Japan, vol. 1, 1958. English) 
Sato, , T. Kimura, K. Hirota, , and S. Sano, O Outlet works at the Wakui-— 
Proc. 4th Conf. on Coastal Engr., Japan, Nov. 1957. 
. Sato, S., M. Hosoi, T. Kimura » and H. Mitsui, Criterion for movement 0 of 
i: mound and of tetrapod by wave action, Proc. 5th Conf. on Coastal Engr. eis 
/Sawaragi, T., Wave run-up effected by a breakwater, J JSCE 
13th Annual Convention, May 1958. 


wo 


wo 


= 


4 


— 
— 
i 
i 
— 36. 
37. 
— 
— 
Misc 
— | 1. 
— 
— 
| 
: 
= Res., Public Works Res. Inst., Jul 
f 
a 
Wad 
9. | 
4 


= Proc. 2nd Conf. on Coastal Engr., Japan, Nov. 1955. Also 


Coastal Engr. in Japan, vol. 1, 1986. (ih Englist) 
32. Shimano, T., M. Hom- -ma, and K. Horikawa, On the flow characteristics in 


the of Proc. 3rd Cond. on Coastal 


_ waters on wave damping and on variation of bottom profile—Field ob- a 
servation at Niigata coast— -Proc. 5th Coastal Engr., , Japan, } 


35. Takeuchi, Y., Beach erosion and prevention works at at Niigata coast, oe 

‘Bull, of Harbor Engr., No. 11, ogi 


$6. Watanabe, Y., On the wave action : against se sea walls, Proc. 2nd ‘Conf. on 


oe Yanai, Y., , and T. Hirotani, Beach erosion and enna of structures along 
Se Toyama coast, Proc. 5th Conf. on Coastal Engr. » Japan, Nov. — 3 

‘chiye, T. Theory ‘oceanic Oceano. Mag., , Vol. 3, No. 


Ichiye, On the ‘annual variation of ‘Mem. Kobe 


-Ichiye, On: the use e of T- Ss in. shallow water, } 
Marine ‘Obser., +, Vol. 10 » 1952. n English) 


4, T., On the of the ve vertical distribution of 
wu Res. Oceano. Works in | Japan, ‘Vol. 1, No. 1. (In English) 


Ichiye, T, On the hydrographic an island, Res. 


, Diffusion and ‘mixing in the sea, Proc. roc. 3rd Cont. on 
Engr., apan, Ov. 
8. “Ishii, Y., and 8. Kurata, On the nature of alluvian soil in the harbor areas, te 
Proc. and Conf. on Coastal Japan, Nov. 1955. 


9. “Kuwahara, Ss. to the » Echo-depth the density, of water in in the 


Pacific Ocean, Japanese J. and vol. & 

10. Nakamichi, M., Coast act and coastal engineering, Proc. 3rd Conf. on 


| 
7 
s— — 
| — 

— 
er- — 

— 
sea a mes 
— 
— 
—— 
1 and r 
sO 
| 
at of — 


» a 
af 


a WATE] RWAYS “AND HARBORS: DIVISION 


Proceedings o of ‘the . Americ an. Society of Civil | ‘En ¢ngineers 


RINCON OFFSHORE ISLAND AND | OPEN CAUSEWAY 


we 


‘John A. Blume,1 F, ASCE and James M. Keith,2 


— 


This paper presents the design the c 


om 


® inv olved | in creating a man-made island 0} of sand , rock and precast concrete “ 4 
armor in the Pacific Ocean offshore from California. _ This oil production oo. ae 
island with the open causeway which connects it to the shoreline constitutes oo 

one of the most unique marine installations in | the world. The design included we 
many alternate economic studies, ‘model tests in a wave laboratory, and storm — a 
damage and wave runup studies with alternate armor types, materials, den- 
sities and slopes. _ The field operations included skin diving and the use of 


pee 


“special fathometers in control operations for underwater placement. “ 


The State of California, its Lands Commission, for com- &§ 
3: petitive bids in 1954 for the exploration and development of and the production a # a 


submarine land lies offshore from existing production walls located on piers — i. ¥ 
| constructed many years ago. The oil company bidders were to provide all a a 
necessary installations at no cost to the State. - Offshore facilities had to be 

in accordance with the then existing requirements and court rulings which oes _— 
| essentially specified “solid man-made islands of natural materials”. a ; 

Richfield Oil Corporation was pronounced the successful bidder since it pe 
offered greater oil royalties to the State than any of the many other oil | com - he se: i 
panies that bid. eras! some legal delays, Richfield was awarded the lease 
and told to proceed. The engineering firm, John A. Blume & Associates, — a <4 
Engineers, which had already performed various preliminary | offshore studies — os 


as consultants to wee tote to procesd with the engineering 
Note: Discussion open until February 1 1, 1960. To extend the closing date one month, a Be &¢§ 


_ written request must be filed with the Executive Secretary, ASCE. Paper 2170is 
a of the copyrighted Journal of the Waterways and Harbors Division, Proceedings - 

of the American sept of Civil Engineers, Vol. 85, No. WW 3, September, 1959. a: ne 
 Pres., , John A, Blume & Associates, San Francisco, Calif. 


ore), 
2. Project Eng. John A. Blume & Associates, Eng. - San Francisco, Calif. ae 


j of oil and gas from an offshore area of 1,175 acres called Rincon Lease. ocala 
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“phases of the project except those pertaining to oil exploration and production 

_ j Bp: were to be done by the client. This was the start of a project which not 

a an only developed considerable “romantic” appeal to the public and in the press F 
oo completion in 1958, but also included new techniques, storm risks with. 
out precedent, and unusual economic « considerations in marine and offshore — 


Project Location and Desc ription 


Pog Lease is located offshore between Santa Barbara and Ventura : as 
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the least total cost of installation, drilling, | and operation. This was in itself 

an appreciable engineering problem but one that cannot be included herein. | ei : 
With modern slant drilling techniques, the first or “mother” island as located — - 
and with conductor pipes for sixty-eight wells will an appre- 
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Island is located in ‘the Santa | Barbara Channel which 


vt Islands, it is actually in the Pacific Ocean. These offshore islands do provide the wit 
approxi 


some protection to the channel and reduce the energy of many ocean storm — 

swells before they reach shallow water. However, the protection is byno of tetra 
_ means complete, nor is it very , significant for a fixed structure. _ Many ocean ~ . 

_ storm swells can enter the channel and proceed easterly with but nominal A 
loss of energy and they can then be further increased winds, and constrt 
= local bottom conditions as well. a. 
_ The unusual plan shape of the island, which is shown in 1 Fig. 3, was de- - a ote 
steel p 


_ veloped to obtain ‘optimum wave protection, , The area of construction on the 
to the 


alterna 
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ocean floor is about 6.3 acres, = MLLW the area is 3.2a sei —" the gross” 
area at elevation + 16 feet is 2. 1 acres. _ The net usable flat area at this level, 
exclusive of the wharf, is 1.1 acres, although considerable additional — : 
space is obtained by ‘effective use of vertical wall surfaces inside the = 


. Rincon | Island is constructed of rock k revetments which contain sand fill. . 


It was constructed in stages (Fig. 4) and contains many types and gradations 
of rock. The most exposed face is protected with 1,130 concrete tetrapods,* 
each €. 31 tons. The top elevation of the seaward breakwater wall is at + 41, 


approximately 618 ,000 tons of material in the island including the 35 ,000 tons 
“ tetrapods. , The exterior side slopes of rock rubble ; are 1- -1/2 to 1 except a 

n the east wings which are at 1-1/4 to 1 and the tetrapod armor is at 1-1/2 

t 1. Fig. 5 is a photograph of the island which was taken near ™_ end of the 
small wharf of prestressed concrete piles, ‘concrete c cap, timber 

deck is provided at the lee side of the island within a semi-protected harbor 
created by two “wings” or rock breakwater s stubs. , single lane causeway of _ 
‘Bsteel pipe piles. and timber decking. on steel stringers extends from this wharf : 
ito the abutment some 2,730 feet away. Most bents are at 40 feet centers with : 
alternating single-pile and double- battered- -pile bents. The deck level climbs 
sharply from the island and is level for most of its course at 35 feet above 


MLLW. Fig. 6 shows the island, the open causeway and the coastline in the — 
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problems which required first-time techniques for their ‘solution. It was . 


no means a ‘simple matter of dumping rock in the ocean. In order to keep 
_ costs low and still provide a satisfactory installation with certain anticipated 


drilli 


from 
purpc 


Thes 
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The | Owner’ s offshore lease from the State stipulated that the ; area 1 should 


economical, permanent island of natural materials suitable for oil well drill- 
‘ing and production. Moreover, the installation was not to detract from the 


natural appearance of the coastal area. | 


fm 6: The size of the island was to be determined by operational area eee. | 


isions 


ments plus allowance for armor layers and their necessary side slopes. _ 

| These factors in turn were functions of the optimum number of oil wells on - 
the island, the production functions to be done on the island versus on shore, 
ocean swell heights, periods, and many other considerations. Many investi- 


|gations and alternate economical considerations were conducted by tt the 


in close collaboration. 


_ Bottom contours were obtained from existing maps supplemented by ae ; 
line soundings and fathometer runs with one of the Owner’s exploratory == 


drilling ships, the “La Ciencia”. Soil borings of the ocean bottom were made 
me irom the La Ciencia by a cantar: of methods with two primary purposes. | One 


purpose was to determine the suitability of the ocean floor as a foundation for 


fm the island, and the other to determine if a satisfactory source of dredger fill 


material for the island core was available within economical pumping dis. an aa 
tance. The simplest sampling device was a “snapper” or small spring loaded 
clamshell for obtaining samples of the surface material on the ocean floor aan a ee 


dropped to the ocean floor through the water, would recover a . cylindrical = 


Sample up to three feet in length. A jet-churn rig was used to recover cylin- 7 caf q 


then stabbing samples from. the bottom of the hole. This last rig was 
mreplaced by a rotary rig which colud also obtain cylindrical samples by > 4 
marilling to the desired depth and then stabbing the sample from the derbi 4 
mathe hole. — first two methods of sampling were used in the search for oe 


clon. 


a material on the ocean floor is a silty sand ranging into sandy silt, and Res 


: creasing in thickness as the water depth increases, At the island site it ae > 


ranges from 14 to 25 feet in eee _ The average slope of the bottom at : 

_ ‘Table I indicates some of ni materials encountered. Underlying the 7 ; 
overburden is a geologically recent shale or “siltstone® formation. | 


= 


ty 


5 ign is not, and could not be, conservative, was ll 
mee be Grilied elthner Irom sSnor e, existing Olisnore structures, Of a 
fee solid island of natural materials. A comparison of slant drilling costs <ogfal — 
4 ™ shore with rough estimates of island costs indicated an island of natural oa i 
materials was the economical solution. ‘The Owner’s geological studi i 
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ame island, most of which settlement should occur during construction, ° 4 
- Bottom material shoreward of the island was not as coarse as desirable fo: 
_ dredger fill, but studies indicated that proper control of the discharge loca- 
tion could utilize the ocean currents to separate and waste the fine fractions 
_ to leave a satisfactory granular core of dredged material 
‘Faults are known to exist near the island site, some of which : are active 
and most of which are not. The Santa Barbara area has had appreciable ‘a 
__‘ The coastline in this area has appreciable littoral drift and sand trans- 
: ae cf However, , the sand movement at the location and in the water deptl 


_ Wave forecasts for the island site were prepared in considerable detail, 
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_ coastline as to have no effect on coastal sand erosion or accretion, The 
possibility of the loss of existing materials adjacent to the island was, of 
jj bot occur, 


ers, hindcasting from synoptic weather maps, and past records. of severe ‘. 
_ storms were all utilized. Refraction studies were then required to tailor this 
- information to fit the partially sheltered position of the island. The Channel a By 


As 


Islands and the westward trend of the coastline as far as Point Concepcion _- 


_ Pacific’ ’s winter storm waves. The Santa Barbara Channel offers an —_ 
approach of almost unlimited fetch from the west right up to Rincon Island © 
for the less frequent but still probable storm waves which approach from = 
this critical direction. This “partial” protection serves to confine the ap- eo 
proach of really large waves and had considerable influence on selecting the iy 
odd configuration of the island as well as its orientation. § ae 
‘The wave studies were also concerned with lower wave heights from all 
directions, which, though less dramatic still had an influence on the island __ 
design. Frequency of occurrence of these lower wave heights is especially - he 
important in planning and scheduling marine operations in exposed locations. an a 
Figs. 7 and 8 illustrate the manner in which this information was a a 


| quarry site convenient to marine loading facilities a 
na Island. Since this represents a barge haul of 
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_ serve to protect the island site from many, but by no means all, of the Bits a 
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CENT DAYS occuRRE 


90 miles to the island site, considerable effort was devoted to Aven alter- 


1 2 nate sources. Rock samples were taken from the vicinity of Prisoner’ 3 ce 
: Harbor on Santa Cruz Island, which was only 27 miles from the island site. 4] 


HEIGHT BXC 


Laboratory tests indicated the rock was suitable | for use in the island revet- 
ments but it was estimated that few units of more than 15 tons could be ob-— 
tained. _ The igneous rock appeared very similar to other Santa Cruz Island 
_ rock, which was used in the construction of the Santa Barbara breakwater _ 
~ about 30 years ago and which has shown excellent weathering characteristics. 
‘ = The Owner arrived at an agreement with the private owner of this portion of 
; Santa Cruz Island whereby the new quarry site was offered to all bidders as 
royalty free source of rock gravel, Exploratory blasting | was financed 
by the Owner and witnessed by all the interested bidders. Other existing | 
quarries on the mainland involved either very long hauls with transfers to 
: barges | or produced materials not suitable for the sea water and wave ex- 
cosa The bidding documents were prepared so so as to allow any source of rock _ 
a on a specification basis for quality, density, size, and gradation, Various" &. 
alternate sized armor rock depending upon the rock 
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of the use precast c concrete armor | several factors 
which made it desirable to provide for the use of precast concrete armor as Ne “a 
n alternate to the use of large rocks for r the c class A or largest rock | cate. ms rer 
eee _ Recent research - in the use of tetrapods showed that for a given weight a 
and specific gravity they have more stability against wave action than quar- sy 
ried rocks, . Practically, this meant that lighter units would be required for 
the seaward face of the island and hence a smaller crane would be required a 
| for placing the armor, Equally important was the lessened risk to any con- o. - 
tractor planning to open a new quarry site for the island project by ethaina- 
tion of the necessity for ‘producing and transporting very heavy rocks. It “7 
 wonally difficult to predict what maximum size of rock it is possible to pro- — 
_ duce economically from a quarry site until actual operations | are under way. 


In addition to tetrapods, the design included tetrahedrons as optional | pet st a4 


alternate of using precast concrete armor also made it for 

a contractor to build the island from an onshore quarry since the next maxi- 


mum required size of quarried rock, the B grade, could be hauled over aie 


roads with normal equipment. The various sizes of the tetrapod ClassA 


WSS 


lee a cc considerable number of changes, Basically the evolution of the final 

shape and size was the result of joint studies by the Owner concerning his wo 

requirements from an oil production viewpoint and the engineer’s design _ - 

search for the most economical way to meet such requirements. The basic . 


scheme of an island built in | stages or r lifts with | each lift consisting of a rock 
dike containing a core of fine material and protected externally be revetments © 
of heavier armor materials v was one of the few elements that remained con- ‘i 
‘stant. The . partially protected location of the island introduced seemingly 
‘endless possible configurations to take advantage of this circumstance. - The 
oil industry prides itself on close economical design, and the Rincon Island . =* 
Project was no exception. The Owner wanted a safe and adequate island, but Sal 
not one gold plated with safety factors. On a pioneer type project such a goal 
ist rather difficult to achieve, particularly where rare | but possible storms a = 
ata Early studies showed an open causeway or roadway trestle to be the most 
economical t method of supplying the island both during and after construction. = 


‘However, in order to reduce the initial investment and for other reasons pre- 
“inary design had to be based on constructing and supplying the island by a. 
“water. x Various schemes w were investigated for utilizing an LCT type of land - ieee 
craft. The attractive aspect of such a scheme is that conventional oil field ae m, 
equipment could be utilized for the entire oil production operation. The 

Serious drawback, however, was that the island was too small to provide _ 
- landing : ramp which would have an adequate degree of protection against mod- Vee 
-erately _bad seas, The could have but at a con- 


on, The : remainder 


a 


i 
armor and other rock shown in Table Il. 
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RINCON ISLAND 


4 ~ could be much lighter than the seaward face. . This concept led to an inves- 2 ; 
tigation of the possibility of first building the seaward face as a complete _ 
_ breakwater and then constructing the rest of the island in the lee afforded by _ 


first stage of ‘This initial stage was a large 


vided complete protection. scheme given n considerable. 
study and even model tests was the feasibility of sinking. ship hulls as the © 


core of the seaward face or, using them as 4 


Asi is typical of n design elements of the 
oss ~ design could best be checked by model tests in a laboratory. The model tests 


for the island involved two series | of wave tests. The first of these wasa | 


15.4 “es model test in a basin to check the e configuration of the 
11.5, q island and the second series involved two dimensional models in a wave chan- 
920 nel. In order to keep costs within a limited budget and still obtain a maxi - 
14.2 ble mum amount “of information from the test, movie films were made of most © 
10.6 tests and time consuming measurements were kept toa minimum. 
At one stage of the design the owner wanted a small concrete ‘slip about 
a m 40 feet by 150 feet on the leeward side of the island for use as a small boat _ % 3 
“4 re harbor for servicing the island. One purpose of the three dimensional model } . 
7.2  wasto determine what degree of baffling would be required to maintain quiet 
Bee water in the slip during stormy weather. _As was expected the model showed : 
12.4 the slip was highly resonant to wave periods typical of Pacific storms and in 
92 only a water tight door or lock would provide quiet water by baffling. Anal- 
ae iF ternate solution of providing ‘short stub breakwaters at each of the eastern ick ; 
neg -_corners of the island was so effective in maintaining quiet water during most 
8.7 a wave conditions that the slip was replaced by a small wharf on the eastern iw 
of the island. In general the other configuration features of the island 

ae ‘tering the tapering work area of the island which is a at a lower elevation, _ 
# 6.4 i _ Using the same model, the feasibility of using two concrete ship hulls as 
separate, submerged breakwater seaward of the island was investigated. 4 q 
(10.38 By comparison | of the ‘wave runup on the sides of the island, the effectivenes _— 4 
different locations and | spacing for the hulls was s studied. Although 
aia studies indicated possible appreciable savings in construction cost with use i 
9,8 @ of the hulls, the owner elected noi to use them because of the less attractive 
| appearance and possible adverse public relations for the oil industry. 1 Fig. 9 . 
oR 3 oe _ ‘The second ‘series of laboratory tests involved two dimensional tests of the 
ae proposed seaward face revetment section in a wave channel. Fig. 10 ill anti 
i po ward face revetment section in a wave channe . Fig. i us - — 
55 = a model section being subjected to a wave seven feet higher than the = on 
a design wave. _ The first test runs were of a wave height slightly below the = 


< design w wave height of 27 feet. _ These runs verified the stability of the seston a 


the design wave. Following these initial tests, wave in - 


the seaward face integral with the islan elinitely Outweighed the greater 
rs_ ft, — 
18 
— 
— 


>) 


7 — waves appreciably larger than the design wave. The gratifying feature, coi - 
7 ever, was that the section showed no tendency towards a catastrophic type 
failure due to any single wave, but rather a gradually increasing distress p37) 


to the rare occurrences of the very large waves, 


7 aid ‘The first preliminary studies made it clear that it was not economically | 
feasible to design the seaward face revetment so that it would be completely 
my. stable against all possible storms. This fact is well illustrated by the history 
of conventional breakwaters along the Pacific Coast. All deep water break- “ 
= waters with a severe exposure are expected to and generally have suffered kai 
occasional damage. The dire consequences of a complete failure for the pi 
-_island’s revetments made the problem much more critical than for break 


water design. A rational approach to the island problem was developed which | 7 
essentially consists of six steps: (1) prediction of frequency of occurrences. 3 


; laboratory tests of revetment si sections; (3) ‘estimates of cost and damage a 


various trial designs; (4) evaluation of damage to the various designs; (5) — 
* 

economic aS of various designs; and A selection of final revetment 
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Fig. 10. Seaward Face Test with 34- 


Table III summarizes the calculations for the annual 


repair cost for a trial design of the island’s seaward face revetment, _Col- 

(1) and (2) were developed by the ‘oceanographic study of the island site. 

es column (3) the maximum wave ‘of a storm is assumed to be 1.9 times oon 
significnat v wave of the storm, correlates the waver and 


or Apes the maximum wave of a wave train best describes the 


Cost for 27 ft Wave Desi he “a 


1.23 


Mie: 


Average annual repel cost = $25,000, 
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: destructive ability of the wave train and that the maximum v wave of a labora - 
tory wave test is 1.16 times the laboratory designated w wave height - for a 
_ test. _ Based on these assumptions a wave height 1.64 times the significant _ 
_ of a predicted storm was used in the required armor weight formula to 
_ determine the armor for a no damage design for that storm. ‘Columns: (5) : 
and (6) were based on damage estimates obtained in the wave laboratory tests. 
Considerable refinement of such damage estimates is now possible as are 
a ad sult of recent research in this field. (1) The estimated cost of repair in =" 
_ column (7) was based on two elements: a unit price for armor materials 
By or recovered, and a | lump sum cost for mobilization and demobiliza - 


uonel portion of the average annual repair cost contributed by each class a 
‘Fig. isa plot illustrating the economic analysis of several trial 
Curve (a) is the average annual repair cost for various designs computed as 
_ illustrated by Table II, and curve (b) is the present worth of the average se 
4 
annual ; repair cost for a 25 ye year - period at an interest rate of 6%. Curve (c) _ cs ; 
is the estimated construction cost of each of the various trial designs. The : 
capitalized cost, curve (d), is the sum of curves (b) and (c), and its low point 
_ represents the most economical design. Fig. 12 presents another method « of 
analyzing the same information. Starting with a trial design which is definite- { 
ly less stable than the most economic, curve (a) represents the additional — 


a duction in average annual repair cost. "Curve (e) is curve ty: divided by ait 
(b) and represents the effective return on each incremental investment. The 


_ economical design is selected as the one beyond which an additional incre- _ 
ment of investment fails to offer an attractive return, 
It is realized, of course, that: such procedures involve low, ‘if not negative 7 
nt factors under | extremely adverse conditions. However, it isa logical ip 
philosophy for severe but infrequent conditions like destructive earthquakes, 2 
bomb blast, or severe storm waves to design to high unit stresses and de- 
flections in order to absorb en energy and save the construction cost for mate- 2 
rials which may never be needed. However, catastrophic - type failures must 


consiieres and avoided in such calculated risk 


Figs. 3 and 4 show a plan and general sections iiteiiente the final. design E 
the island. evolved from five basic inter - related 


established by the Owner to rovide the necessary space for oil drilling and . 
Pp 
a production facilities consistent with the anticipated drilling and ‘Production a Fs 


<< design, and economic studies. The west, or seaward, face is designed to 
withstand the heavy seas from the winter Pacific storms, and partially shields 


remainder of the island. _ The north and south faces, or sides, of the is Yi 


- _ directions is limited by the fetch inside Santa Barbara Channel. The ni 2 
face, or shore side of the island is provided with a small wharf protected 
by against ocean storms by the northeast and comnenst stub breakwater -— 
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as they came to be called. island to be 

ae by the wharf only (no causeway) for reasons previously outlined. een: 
_ The revetment design for the west st face also included a a cellular wall struc- 
ture | adjacent to the double line of conductor p pipes. This structure serves as 

a support platform for the drill rig which straddles the drill cellar. The rig 
can be skidded in a north-south direction to center over the desired well. he 
. addition the e cellular wall structure serves as a backstop or secondary line 
of defense for the west face revetment. This revetment can thus sustain con- A 


siderable ‘damage before the wells themselves could be exposed t to direct 


| wave attack. This west face revetment is designed to be stable against 27 pre. 


_ The required weight of f tetrapods was determined i by extrapolation of the a mie 
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ECONOMIC ANALYSIS OF 


INCREMENTAL INVESTMENTS 
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gr 
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weight of individual ‘units of armor material in 
Ar = unit weight of fresh water 


| 


angle, measured from horizontal of breakwater slope = 
"values of — 0223 and H=1,10 were used. A prime reason for the wave nee 7 
- laboratory tests of the west face revetment was to verify these values. Atom ea ! 
_ More recent 1958 tests have given further confirmation. Using the WES &§ 
4 formula(t, 5) for rubble-mound breakwaters. 
Vs 


specific weight of armor 


es specific gravity of armor material referred to thet water in 2 


The value of Ng - = -2, 37 for no damage on a _ 1/2 to 1 slope gives required — 


unit weights very close to those used for the island design. For the vee 
- criteria the required tetrapod weight for the island by use of formula (2) _ eli 
would have been 30 tons in place of the 31 ton weight actually used. Since a 
design is not for the maximum wave predicted, the ‘slight advantage is quite 
The seaward | face height of + 41-feet above MLLW was selected to limit 

Fh en overtopping from a 34-foot wave to an approximate height of 3-feet. As 
shown in Fig. 4, five classes of armor are utilized in the west face revetment. ; 
The heaviest is Class A for which the Contractor selected the option of 31 ton 
concrete tetrapods having a specific gravity of 2.40. The bid documnets ac- oe 
tually offered numerous options for each of the five classes or revetment 
-armor because no single developed source of rock material was definitely a 
advantageous than others. The individual minimum weight require - 
ments for Class A, B, ie and dD rock were allowed to vary with the specific 
gravity of the rock, In addition either tetrahedrons or tetrapods of precast 
concrete were optional in place of rock for Class A armor. _ Since variations 
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Hifferent options. In all, 59 


a located 4- -1/2 miles upcoast from the island site, the contractor built a tem- 
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September, 19590 


optional quantity | tabulations were included in the bid documents. . This al- 
~ lowed bidders to evaluate the advantages of sources of high | specific pales 


| | 
me Table 1 illustrates the variation in armor rock with specific gravity fo for 
equivalent designs : as computed on the basis of the above formula. | , 
__ An effective filter is essential to avoid the loss of core material through 
_ the rock layers from “pumping” caused by wave action. The filter could not 
/ conform: with the generally accepted “T-V*(2) gradings recommended by ie 
Terzaghi and modified by the Waterways Experiment Station at Vicksburg. — 
s Since it was considered impractical to place the relatively thin blankets = 
_ visaged by the T- -V gradings in an exposed ocean location, the size spread ie 
in each material was made considerably greater than recommended. It is...pf 
anticipated that there will be minor losses in the filters, especially the Class — 
_G material, as the fines are lost from the outer layers and a stable grading — 
oe is achieved. Most of this readjustment is believed to have occurred during © 
_ the construction phase as the Class G material was normally the first ma-— 
terial placed in each lift. : The Class F material actually served a dual func - 
ton, _ In the lower layers it was nee as the lightest class of armor and else- 


ae percent less than 5 pounds. Class G material was an optional quarry run or 
4 a gravel material with a dense gradation ranging down to not less than 25 per- 


cent passing the No. 20 sieve. The core was sand for the reason that this” thi 
was less costly than even a quarry waste. _ The bidders were allowed the | 


q August, 1956 the contract was awarded to the low bidder who elected to ‘open. ; 
es his own on-shore quarry about 6 miles from his loading-out site and tu use a # 


for total cost comparison were obtained selected In 


precast concrete tetrapods for the Class A armor. At the loading-out site, 


porary loading structure in approximately 22 ft. of water which consisted of 
_ an L shaped pier of eight forty-foot diameter steel caissons filled with rock 


q = sand with a trestle connection to shore. ‘The pier was sized to provide — al 


moderate p! protection for one flat barge. A 50-ton stiff leg derrick was as mount- 


Pt a on the pier to handle materials. Fig. 13 is an an aerial photo \ of the contrac- 


tor’ s construction yard and loading out pier. asia 
Tetrapods were cast in the construction yards on shore adjacent to the 
loading out Since locally available sand and aggregates are re- 
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| active, the cost of obtaining | non- reactive dune was investigate. A type 
| low alkali cement had been specified. Recent production from the selected ‘a 
cement mill had been averaging approximately 0.3% alkali calculated as it = 
equivalent sodium oxide. It was decided to use the locally available s sand a 
aggregates, but to maintain a close check on free alkali content of the cement. 
The job average was 0.29% with a range from 0.20%to 0.48%. The concrete — 
mix used 5 sacks of cement and 3 in. , maximum size of aggregate. A calcium 
lignin sulphonate additive was used at the contractor’s option. A27E paving 
mixer operated on a bulkhead ramp adjacent to the casting pit so that its /— rk 
| bucket could discharge directly into the tetrapod forms which were of two eo 
piece steel construction. The bottom 1 section formed the bottom half of | ce 
| three lower legs, and the top section formed the top half of the lower legs = 
|} and the upstanding leg. _ End gates for the bottom legs were hinged to the top — 
section. The contractor used 36 bottom sections and 12 top sections, ,which 
allowed for a pouring schedule of 12 tetrapods per day. The top forms were _ we 
stripped after 20 hours and the tetrapods were removed after three days. heli 4 
For this first lift a special compression sling, developed by the contractor, | 
gripped the tetrapod by pressing a bearing plate against the flat end of each Fs 
bottom leg. , By using this ‘sling (Fig. 14) the concrete v was in tell 
and, although the concrete was still green, the tetrapood ‘could be handled 
without damage or r overstressing. A large crawler ae lifted the tetrapods L 


The first material for ‘the 2 island was placed in February, 1957 after sev- an 

eral ‘months of quarry development and the construction of temporary facili- a: =, 
ties. ‘The majority of the marine work was done on a two shift, six day work = 
week since the marine equipment charges represented a sizable proportion Peal ; 
of the contractor’ s costs. The general procedure ' was to build the exterior cers 

rings of each lift of Class G and F, then place the core material and armor me. : 
rock, All F, G and core material below elevation-15 were placed by bull- eax thd 
dozing the material over the side of carefully spotted barges. Armor mate - ee z 
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the north a and east sides of the island work area, Targets etrung between the ff 
dolphins were used to provide position lines for placing the below-water a 
materials. The island first broke water in October, 1957. The seaward face 
was then carried to elevation + 17 ahead of the other sides in order to provide 
some protection from the approaching winter weather. Before complete © * 
if wa closure > of the island above \ water, sufficient core was placed on the south we 
a side to allow the barge mounted crawler crane to be unloaded by beaching ~ 4 
* the barge against the core and walking the crane off on a temporary ramp of 
7 3 core fill. The top lifts of tetrapods and armor rock were placed by the 4 
_ crawler crane on the island. The final closure of the north face was made 
a . _ Core fill for the island was a medium to fine sand obtained from the cliff 
Be - behind Punta Gorda about three quarters of a mile from the island site. The 
te core material was hauled by truck to the contractor’s loading out pier, then — 
_ hauled by barge to the island site. It was not surprising that the contractor 
a i elected not to dredge the core fill, since the final design required a relatively 
_ small amount of sand for a dredging operation. The lift type of Le 
- required that core sand be placed on an — schedule, and the open : 
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aged in the second of these ‘storms and month ‘or 
- = * The 68 steel conductor pipes were driven when the core elevation was = 
" approximately +11. _ These pipes are the initial casing ! for the future oi oil ‘ella 
“ to be drilled through the island by | the owner er and were driven toa penetration - 
__ &§ of 15 feet into the original ocean floor. Work on the concrete walls on the © - 
4 surface of the island was started after the ' conductor pipes were all driven. a 


‘For this work a small placed « on the island. 
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Xe Quarry Operations and Rock Quality Control 

Adequate control of rock quality proveda very difficult and 


constant effort by both the Contractor’s quarry | force andthe Engineer’s 
§ field staff was required in o order to insure a supply of rock of adequate « qual - . 
ity. The rock specification included two quality tests, , the Los Angeles ~ . 
Rattler test and the test for soundness | by the use of sodium sulfate which 2 
test was considered especially important because of the marine ‘exposure. 25-9 
Rock quality varied widely throughout the quarry site - Much of the rock 
which was the Cold Water Sandstone Formation, Eocene Age, was of act 
quality, but some deposits were very poor and practically uncemented. — There — 
were also many intermediate grades, The quarry site, however, ‘contained a 


§ vast amount of good material and was of a type which could be quarried in 
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rock, The coyote holes in sound rock were later used for primary blasting. — 
An extensive field testing program was carried out by the , Engineer on ake 
2 ae ples taken from these coyote holes, and an intensive search was made for 


en the quickly identifiable characteristics which would correlate with s soundness. 


= 


Acid reaction, s specific gravity, Schmidt hammer reading, color, density, 
grain size, and microscopic examination were all tried but found 

d face 

: The final solution was to test each separately identifiable type of rock found 4 

provide 

id See in | the quarry and to classify each type according to its actual soundness’ test 
its. Over 100 sampl d for ad “Inorder 
ith vg Tesu Ss. er samples were required for a equate coverage. In order 


to speed the test results the Engineer’: s field office was equipped to perform — 
Soundness tests. on a continuous basis. -Untested portions of each sample 
ie were retained and small chips from these were carriedina compartmented — 


box as an aid in quick field identification of the rocks. | This method proved — a i) 


alll effective in the majority of the c cases, , but a few types of r rock, which 2s well 


clift the acceptance line, remained difficult to classify throughout the 
Rock quantities were measured for payment by barge displacement. Occa- 
then sional checks of barge gaging accuracy were made by weighing. all loads on 


truck scales and agreements were normally within 1%. Individual weights of — 


neeeulll armor stone were normally judged by eye. In cases where doubt existed, — ie ‘ 
sasteal weight was checked by truck scales or by measuring the cubage of the rock, a 
soati a As the work progressed considerable skill was developed in estimating a at 


The of control and also control to 
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the Owner cannot be over canes for a unit Per Contract in 50 feet of 


— ‘Field Engineering 
One basic problem for the Engineer who provided engineering supervision 
xv and inspection throughout the construction was to insure that the filter zones 
of the revetment construction were adequately placed and that no chinks ia 
this essential element of the island’s defense were left for the remorseless 
= of the seas. Another responsibility was to see that the various rock — 
layers were placed within acceptable tolerances. _ The fact that two-thirds of 
_ the island’s cost was below water points up the difficulty of these problems, 
_ Survey and layout work was basically a contractor responsibility and a high 
percentage of his marine work was directly or indirectly concerned with | ; 


performing this task. A lead line was almost t constantly in use ~— all 

: ‘~ The magnitude of the survey work made it impractical for the Engineer’ 8 | 

staff to check all survey operations. Field inspectors observed and spot 

_ checked the contractor’s marine survey operations, but considerable ‘reli- — 
ance was placed on independent surveys of the underwater mounds as placed 

_ in the early stages of the work by use of a modern ultrasonic depth recorder, 
An essential feature of this instrument was the narrow (approximately 6 4 } 

: = degree) cone of response, which was necessary in order to adequately 

_ delineate the sharp breaks in grade typical of the island form. As anticipated 
vertical accuracy of the instrument when properly calibrated was no special 
problem, The never ceasing problem was maintaining adequate horizontal ac 
curacy in a highly congested work area, on the never-quiet ocean surface. a 

7 Special accessories for the survey boat «“Blu- -Isle” were helpful in obtaining 
4 the desired horizontal accuracy. The echo sounder was a portable instrument 
so the transducer was mounted outboard toward the stern. The most versatile 
: method of position control was by taking simultaneous sextant angles on three 
. targets from the boat. To help reduce plotting errors a platform was rigged 
to overhang the transducer, so that both sextants could be positioned over the 
transducer when taking position shots. As an aid in obtaining a conveniently 

large horizontal chart scale, a special high speed chart drive motor was in- 
stalled in the echo sounder. In addition, “spoiler plates” were rigged to be 
lowered into the water directly behind each of the “Blu-Isle’ twin propelle: 
The “spoiler plates” were very effective in reducing the boat speed while still 

; maintaining better than normal rudder control, The slow boat speed was de- 
a oa Zs. sirable to allow close spacing of position shots and as a further aid in main- 


taining large horizontal scale on the echo sounder « charts, These techniques 
as a limited field staff to take accurate and continuous three-dimensiond 


sweeps” of underwater construction whenever indicated, 7 
iis 1 to 120 scale model of the island (Fig. 15) 1 was built by | the Engineer’s 
field staff. Progress on the model was maintained currently with progress o1§ 
y the island, so that it served as an easily understood progress report, While | 
. the island ’ construction was below water it was especially useful for visualizing 
the status of the work, and all those connected with construction of the island 
a watched their efforts reflected in the model with gratifying interest. aera 
BA (self- contained underwater breathing apparatus) diving gear was 
Pit also utilized by the Engineer’s field staff (Fig. 16) for inspecting the under a 
"water of ithe work and this al also proved useful. there ar 
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_ tages of the SCUBA gear are summarized as follows: 


still an vessential, “Lit 


"elaborate > preparations for a dive 


the 


helmet diver’s 


s ‘Model 
_ drawbacks to the use e of SCUBA Paneer outstanding advantage is that it allows 
_ the engineer to see the object in question with his own 


(a) Equipment is relatively inexpensive. 


g. 15. Construction Progress 


an (b) For a diver with limited training and 
experience it is safer than conventional 
diving gear, although basic training 


Equipment is is ‘easily ‘portable so that 


(@) There is no ‘underwater 

system equivalent in convenience to a 

s phone system, Some of ere 

the other drawbacks mentioned are 


“tale ss the water is clear, orientation 


eyes, Additional advan- 
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ig. 16. Resident Engineer Preparing for 


conventional ¢ deep s sea compass 
often very helpful, but is useless 
ferrous metal is in ‘the vicinity. 


4 was of reasonably « dense gradation, If losses of the core fill wentorial are ig- 
-nored, the tonnage placed would indicate about 20% 1 voids in this material, the 
> majority of which was placed under water. A more reasonable assumption of 
(35% voids in place, indicates 23% was lost due to ocean cur- 


y _ The lack of a commercial harbor close to the island site, the savings in- — 
: nadia _ herent in running production and utility lines ashore along a causeway rather 


- a than on the ocean floor, the convenience of ready access of truck- mounted ae 
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‘field ‘equipment, and numerous © other reasons finally caused re Owner to ode- 


cide on an open causeway to the island in lieu of marine > transportation. -‘Traf- 
fic density requirements were very light so the design aim was for maximum 


Span lengths of 40 feet with alternate . single and double pile bents were _ . 
- gelected from economic studies for minimum cost. The deck elevation of ce 
feet above MLLW is adequate to keep the structure above wave crests. | The > ; 
e selected « design 1 wave of 25 feet is not the highest possible wave at the site, 
ae it represents a calculated risk based on providing an economic life for the ¥ 
structure, Figs. 5 and 6 show the causeway. 

At the time the borings were made for the site investigation of the island, 
pee: additional herings. were made from the “La Ciencia ” along the probable 
alignment for a causeway. These borings indicated very little overburden 
above the shale formation from a water depth of approximately 25 feet a 

ward, Fathometer runs over the proposed alignment at a later time estab- _ 

"lished the b bottom profile and revealed occasional rock outcrops out to a depth — 
of 30 feet. A SCUBA diving inspection c of some of these outdrops indicated 
they were similar to the rock outcrops on shore at Punta Gorda. Although hes: 
solid fill causeway was considered for the area shore section, an open cause - 
way all the way to shore was selected so that there would be no affect on the 

_ The design vehicle load, which represented the Owner’s forecast of the — 
‘heaviest conventional oil field equipment they would require in their island | 
operation was a tractor-trailer of approximately 34 tons gross, If a 


the island wharf, Wave forces created the greatest lateral loads, but seis- 

mic forces based on 0.08g and wind loads of 30 pounds per quate, foot were 
also investigated with certain other load combinations, _ haste ae 
a All piles were ‘assumed to be fixed below the ocean a 
“assumed fixity varied from five to ten feet, depending upon the type of mate- 

rial at the bottom and the amount of moment induced at the lower end of the ~ 

pile by horizontal loads, The » top supports of the single-r pile bents were 
treated as elastic supports with their reactions taken by the adjacent frame ae 

bee through the superstructure, . For expansion, the causeway is divided 

into three longitudinal sections. _ Battered pile frames, set longitudinally, | 

provide the necessary support in that direction, 
a Most causeway piles are subject to breaking waves, A probability study on 
of storm damage resulted in the selection of a 25-foot, 12-second period i 
as maximum for design. Each bent was checked for wave forces at high and 
low tides, since either could control the design, depending, of course, on _ soa 


_ Many sources were investigated | for proper drag - coefficients. - What ap- 
_ pears to be a very logical approach to the problem of waves ovata. a 

with relatively small D ratios was’ given by Reid and Bretschneider. 6 
_ Using the Brekeley-Monterey field data, which consisted of measurements 
of moments on piles, due to breaking: or near breaking waves, the drag coef- 


ficient wa was obtained from the relation 
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Dm = maximum wave factor for drag effect 


of pile applicable to nearly breaking v ee he's 


position of action of total on pile 


source. (6) The forces were then distributed along the pile in general accord- 
ance with Munk. (7,8) Instead of using a smooth curve for this dynamic force 


distribution, the loading was simplified to an equivalent straight line 


_ distribution which gave the same or slightly higher results, For example, a 
25 foot 12-second wave breaking in 32 feet of water was found by Reid and a 
Se s work to have a resultant drag force of 9 kips acting 34.5 fee 
a above the ocean bottom, Munk’s smooth curve for velocity distribution gave — 
: a resultant of 7.5 kips acting 35 feet above bottom, and the ‘simplified straight 
Tin force distribution gave a resultant force of 9. 5 kips acting 35 feet above — 
_. basic uncertainty in the correct value of the drag coefficient and the 
ij cumbersome analysis of the pile frames using the more refined smooth > 


_ curves for dynamic force distribution were deciding . factors in selecting the 


‘The net pile diameters were used for determing wave forces. In lieu of > 


usieg an increased diameter as an allowance for marine growth the Owner j 


7 — to include pile cleaning as a routine item in the maintenance heats: 


i =i The bid documents provided for five optional combinations of steel pipe 
a or prestressed concrete piles, with steel or concrete caps, , steel stringers — 
and timber deck or 40 foot prestressed concrete slabs. Pile driving provided 
Begs of driving, driving and jetting, or drilling and grouting in the shale 
ck, It ; was } presumed that ‘driving might be practical ! for the steel 1 pipe pile 


simplified loading diagrams f for pile frame analysis. bey 


_ The low bid abnstinestis for the steel pile, steel caps and stringers, a 
. 4 timber deck option. Before final award of the contract two test piles were — 
13 driven into rock on shore to determine whether or not it was necessary to © 
4 drill and grout the steel pipe piles, The two test piles of 1/2 ait wall 16 inch 


a diameter pipes were successfully driven with a heavy drop hammer. _As a 


_ result of these tests the option of driving the steel piles was selected, anda 
sum contract was awarded on that basis. 


_ were driven by a heavy drop hammer handled by a small crawler crane. : 
Stringer assemblies were shop fabricated and placed by a truck crane 7 +] 


= on the work trestle. ae cap connection to to the piles consisted of a 
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stiffened connection plate welded to flange of the cap which fittea 
: into vertical transverse s slots in the piles as shown in Fig. 17. The work - 
~ trestle afforded ready access for ; alignment of the piles and cutting the slots — "j 
é and thus made the erection work a simple operation, Construction of the pee 
= trestle paced the causeway erection 


_ Specified pile penetration for the typical single pile and double pile trans- 
_ verse battered bents was 8 feet into the shale formation or a minimum pene- “a 
tration of 20 feet into other materials and a driving resistance giving not less 
45 ton safe load by use e of the ENR pile driving formula. Required ocusitetion 
_ for the four longitudinally battered bents was 50%greater. Pile sizes ranged — 
. from 16 inch diameter, 3/8 inch wall at the shore end to 24 inch diameter ae 5 
a 9/16 inch wall for the deep water longitudinally battered bents. All piling 
was sandblasted and coated with coal tar enamel. The three expansion aa 
are semi-insulated asa cathodic protection system will be installed by the ~~ 
ic force Owner. Concrete pipe sleeves were installed at the bottom line on the first ae 
nine inshore bents as a precaution against sand abrasion. ~~ | 
. a _ Work on the causeway was started in November, 1957 and the first vehi- i See 


a 
pee a cles crossed in July, 1958. The January 26, 1958 storm caused approximately ; 


1.5 feet one month’s delay by knocking over about 750 feet of the contractor’stem- _- 
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Ser tember, 1959 
Controls for Settlement, Erosion, and Damage 


service record of the island will be maintained, The lack of any precedents -— 
of similar structures makes such such a program very desirable. Elevation check 
pron are located in several zones, so selected that differential settlements — 
between different zones will isolate the cause of any settlement, If settle- | 
ments become _ significant at some future time this knowledge of the cause oe 
would be of prime importance in selecting remedial measures. Possible 
causes of settlement could include in addition to further consolidation of the — 
as and its base due to time and pressure, , earthquake or storm wave aon 
4 _ damage, loss of fine materials because of piping, erosion of rock or tetrapods, 
_ PB subsidence due to drilling or production, or general geological subsidence. _ 
2 None of these are expected to be of major importance in this installation be- 


cause of the design and construction care and the Owner’ S pressure oil pro- 
is hoped that reasonably accurate wave observations a and possibly photo- 
ae ‘graphs of large _ swells can be made by r reference to the causeway deck level. — 
; Runup or overtopping of the seaward face can also be recorded. This infor- . 
- mation combined with data on damage, or preferably lack of same, would be — 
fe an important contribution to marine engineering. To date there has been no — 
on _ damage although the storm swells have ve probably not yet exceeded those of a 
q beet - An additional phase of the program consists of an indexed series of holes” 
in the exposed armor wht which be to determine 


a that concrete contains nothing but natural materials as does steel. Even the 
- oe “solid” | before the word island would still leave the possibility of 
considered in the ‘early design stage and later by some bidders but it was re- 
jected « on the basis of cost. A A small island a and/or deeper water would ma val 4 
a _ prefabricated or r precast construction more attractive or compared to the a 
_ rubble revetment type from the cost standpoint. However, the break- “even 
—— varies with a great many other parameters tt than area and depth includ- — 
oe The obvious thing, of course, is to raise a platform above the level of the — 
worst waves to let these pass under. ¢ Such was prohibited in this case by the 
“solid requirement. However, for the given depth, waves, work area eaand 
_ other factors, the island was and still is considered no more costly than 8.3% 


platform, and perhaps less so when maintenance is is considered, Other bene- 
fits include ‘complete fire resistance, the | space and layout to operate as 


and charm of a natural 3 at 
; > na The ¢ general conclusion has to be that every p 
fs =—_-—soo’n its own and i in the light of its particular limitations and requirements. sis 
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“the conditions are ‘proper and if the design ane construction a are bias’ ae 
_ modern engineering manner and not ruled too much by traditional methods 
i and outmoded equipment (which have often led to failure of less critical | _ ie: 
marin construction) a rubble mound, sloping-sided island can be effective, 
lasting and economical as’ well as attractive in appearance, 


Immediately upon assuming ng essential | occupancy ncy of the island and a 

- causeway, Richfield Oil Corporation started its drilling program and the et 
stallation of oil field equipment and piping. Several wells | have been >» ri 

pleted at the time of this writing. When the 2 drilling program is entirely com- an 

: pleted, there will be no derrick on the island, _ The palm trees, installed by 

Owner, enhance the natural appearance of the project which is visible to 

the many people traveling north and south along the coast via highway, train 

and plane. The causeway as well as the island receives considerable atten- b. + 

tion since the alternate | single and double (battered) pile | bents provide a clean a 


appearance and constantly c line as the vi the viewer 
the 


Owner of the installation and the party for the 
island location and oil production facilities is Richfield Oil Corporation, | The ais 
project was under the production department headed by W. J. Travers vice 
president, with Karl Kreiger manager of operations, and R, O, Pollard mana- 
ger of the southern division which will operate the facility. . The general ~ 
tractor for the island proper was Guy F, Atkinson Company with D. E. Root, — 

vice president in charge, Edward Raimer and Charles Thompson, field _ ia 

_ superintendents for the island construction and quarry operations, respective-_ 
ly. The general contractor for the causeway was Healy Tibbitts Construction | 

_ Company with R. H - Smith i in charge and James Lees as field Wis Aa al 


F Engineers with the consulting aid of Paul Horrer on wave predictions and a 
3 Robert Y. Hudson on revetment stability and wave action model testing. | eae 
latter operation was conducted at the U. S. Army Engineer’s Waterways 
_ Experiment Station, Vicksburg under special financial arrangements. - H. J a 
Sexton was engineer in charge of design; James M. Keith was design engineer a 
and later resident engineer at the wave laboratory and in the field during al Pe 
construction operations; John A. Blume was the firm principal in direct 
‘Waterways ‘Experiment Station, Vicksburg, 
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, “Design of 
Tetrapod Cover Layer for a Rubble- ‘Mound Breakwater, Crescent City 


Harbor”, ‘Technical ‘Memorandum N No. 2- 413, June 1! 1955. 


, Beach Erosion ‘Quek “Shore Protection Planning a1 and Design”, Technical 
Report No. 4, June 1954, 
5 ‘Hudson, Robert Y., “Laboratory Investigation of Rubble-Mound Break- 
waters” pi presented at June 1957 “meeting of ASCE, Buffalo, New York, 


6. Reid, d, Robert © O. and Bretschneider, Charles «s “Surface Waves and 


bey Offshore Structures: The Design Wave in Deep o or Shallow Water, , Storm 
; - ‘Tide , And Forces On Vertical Piles And Large Submerged Objects” for 
"presentation at the Annual Cee of the ASCE Hydraulic Division, 


York, October 1953. 
smn, Walter H., “Wave Action on Structures”: American Institute of 


2. Mining and Metallurgical Engineers’ Technical Publication No. 2322 


% os; Munk, Walter H., “The Solitary Wave Theory and Its Application to nal 


a Problems”, Annals « of the New = Academy of Sciences, Vol. 51, May — 
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Proceedings of the of Civil Engineers 


_ LABORATORY INVESTIGATION OF RUBBLE-MOUND BREAKWATERS 


‘Robert Y. Hiudaon,1 F. ASCE, 


tests have con 
of various armor-unit shapes, and a new stability formula for rubble break- 
waters was developed. Stability, thickness, and porosity data are presented — 
for quarry-stone and tetrapod armor units. Tests of tribars are in progress, — 
other shapes of armor units will be tested. 


% A laboratory investigation is being conducted at the U.S. Army ae 


for the design and construction of rubble-mound breakwaters. - Small-scale _ 
breakwater sections are hand-constructed in a concrete wave flume 119 ft 3 us 
long, 5 ft wide, « 4 ft deep, and subjected to mechanically generated waves to de- 
termine the stability ofthe armor units. 
_ A general stability equation has been derived and is being used to guide tt vot 
experimental program and correlate the test data. From the test data ob- — = 
tained to date, important unknown functions in the general stability equation — a 
have been determined for selected breakwater and test-wave conditions, and a 
new breakwater stability formula has been obtained. 
ay In conjunction with the stability tests, wave run-up enn are obtained for wee 
each breakwater section and wave condition tested. Also, measurements are iS 
obtained that enable the thickness and porosity of cover layers composed of : 
different types of armor units tobe determined. ~ 
_ The new stability formula and the experimental data obtained so far have 
provided essential information for an improved method of designing rubble- al ; 
mound breakwaters with protective of quarry-stone and 
Note: Discussion open until February 1, 1960. To extend the ee ee date one month,a __ z 
3 ct! written request must be filed with the Executive Secretary, ASCE. Paper 2171 en 
part of the copyrighted Journal of the Waterways and Harbors Division, Proceedings — 


of the Society of Civil 85, No. WW 3, September, 1959. 


Engr., , Chf. Wave Action Section, U. S. _ Army Engr. Waterways 


— 
V3 § 2171 
cal 
_ 
2 
— 
— 
ip. “ 
ae 
hy 
— 


Se "September, 1959 

tetrapod armor units. Tests now in to data for 

r other special shapes of cast-concrete armor units (cubes, tetrahedrons, and > 
 tribars) should the of rubble- mound break- 


INTRODUCTION 
= scale tests of rubble-mound breakwaters have | been in progress at 
the U.S. Army Engineer Waterways Experiment Station, Vicksburg, 


is ssippi, almost since (1942. During the period 1942- -1950, 


“the Bureau of Yards and Fae Department of the Navy. The moat important 
ae 7 findings of that investigation concerned the accuracy of Iribarren’ sformu- | 
a la.(1,2,3) It was concluded(4) that the Iribarren formula can be used for the — 
- design of rubble-mound breakwaters only if experimental coefficients, or the 

. 2 kind developed during the investigation conducted for the Bureau 0 of Yards and q 

Docks, are available for the complete range of variables encountered in ‘the 
7 -—_In 1951 a comprehensive investigation of rubble-mound breakwaters 5) was 

on begun at the Waterways Experiment Station for the Office, Chief of Engineers, 

aa U.S. Army. This investigation, which is still in progress, is similar to the — 

oo ‘study conducted for the Bureau | of Yards and Docks except that it is larger in 
‘scope, including the necessary ‘range of variables that affect the 
stability of rubble-mound breakwaters. 

- To insure optimum designs for a design engineers should have 

_ accurate information concerning the required weight for the individual armor 

units in the protective cover layer, along the length of the structure, as a i @ 

- function of: (a) shape of unit, (b) specific weight of unit , (c) specific weight of 
water in which the structure ‘will be situated, (d) beach slope seaward of the 

oa breakwater, (e) dimensions of waves at the location of the proposed structure, 

_ (f) seaside slope of breakwater, (g) porosity of protective cover layer, (h) | : 
aon te of cover layer, and (i) porosity and thickness of underlayers upon 

which the armor units are to be placed. In addition, design engineers should 

_ be able to determine quantitatively: (a) the height of breakwater above still- 

water level necessary to prevent excessive overtopping by wave run-up, (b) 
the depths below still-water level to which the cover layer should extend, (ce) 


of the breakwater is permitted. Information should also be e available for de- 
signing the seaward end, or head, of the breakwater. to am 
os _ The present test program includes tests to provide the design data and — 
- quantitative information outlined in the preceding paragraph. However, tests 
~ completed to date, and described in this paper, have been concerned for the > 


_ most part with only two types of rubble-mound breakwaters: one in which that§ 


- part of the breakwater section subjected to the most intense wave action is | me 


- composed ofa pile of quarry- -stone armor r units:placed p pell- -mell; an and the othe | 
_ in which the protective cover layers are composed of two layers of cast- 


concrete armor units pell- over one or two quarry- stone 
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the was begun, it was that the 
Iribarren formula has limitations that render it unsatisfactory for use <i 
data from tests of small- scale rubble- ‘mound break- 


This paper the us and being used in 
laboratory why it was necessary to 
, and presents the deri- | 
vation of a more stability equation which, the experimental data 
obtained to date, was used to develop a simple formula for the weight of armor 7 
units: necessary to insure the stability of rubble-mound breakwaters. | ‘This oe 


ated for paper also presents information concerning wave run-up, and the thickness = 
s For this paper, a rubble- -mound breakwater is considered to be one con- leat = 
_ structed with a core of quarry-run stones, sand, slag, or other suitable ma- 
terials, protected from wave action by one or more stone underlayers and a fe: 
cover layer of relatively large, selected stones or specia}ly- 
Discussion of Iria iibarren’s Form 
ineers, 
o the 
ger in 


in its general to make it dimensionally 


neous, ad friction as a variable, reduces 


d have 
armor 
sight of 


the = Wy is is the wei weight whe individual armor units, Vr is the specific weight bot 
»f the 


® the armor units, S; is the specific gravity of the armor units relative to the 
ucture,# water in which the breakwater is situated (Sy = 7y/Yw), is the effective coc: 
(h) a ficient of friction between armor units, H is the height of wave attacking the 
upon ff breakwater, « is the angle, measured from the horizontal, , of the exposed _ 
should § breakwater slope, and K' is an experimentally determined coefficient. - The | 7 
‘still-— accuracy of this formula was discussed by Hudson and Jackson,(4) and We 
», (b) Kj Hudson(6) in 1953. At that time it was concluded that the Iribarren formula 
id, (c) ‘could be used to correlate the test data, and that it could be made efficiently “3 
de- accurate for use in designing full-scale rubble-mound breakwaters, if suf- a 
€ occun® ficient test data were available to evaluate the experimental coefficient (K') Baa q 
topping _ After the comprehensive testing program was begun, and shortly after the 
or de- “« conclusions concerning the adequacy of Iribarren’s formula were published, 
oat § preparations were initiated 1 for tests to determine the stability of armor units 
aan as a function of armor-unit shape. _ These included a study to establish the eB. 
, tests values of the friction coefficient (jz) that should be used for the various shapes . 
r the of armor units in the experimental determination of K' in Iribarren’s formula. eo 
thal first armor units of special shape for which friction coefficients were 
on is measured were cubes and tetrapods. Tetrapod is the name of a patented armor ba 
the other unit of special shape that was , developed at the Laboratoire Dauphinois d’ 
ay Hydraulique Ets. Neyrpic, Grenoble, ‘France. (7) The tests showed that the 
soe _§ friction coefficient in Iribarren’s formula, as measured by the tangent of the 
angle of repose (9), varied appreciably with the mage of armor unit and the 
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~ method o of ici these units in ‘the cover layer. _ These results led to the 1 
_ realization that the experimental coefficient (K') in Iribarren’s formula could 
not be determined accurately from small- -scale breakwater stability tests 
5 - unless accurate comparative values of the friction coefficient could be ob- 
tained for the different shapes of armor units. This realization was made 4 
‘more acute by the fact that Iribarren’s force diagram, from which his basic 
_ Stability equation was derived, is predicated on the assumption that the friction 
_ between armor units, specifically that component of the friction force parallel 
_ to the breakwater slope, is the primary force that resists the forces of wave 
action and determines the stability of the armor units. Pes Ge Youd 
Results of coefficient-of-friction determinations for three sizes of quarry 
_ stones, and for concrete cubes and tetrapods are shown in Table 1. Fig. 14 


shows the shapes of these armor units. About seventy repeat tests of the 0.30- 


lb, quarry-stone armor units were conducted to determine the range of uw for 
units of this type. * It was found that varied from a low of 0.78 to a high of 4 
4 1.28, with an average value of 0.98. Thus, varies not only with armor-unit 
q me ~ shape and method of placing, but it also varies considerably from test to test 
" g the same armor unit . The curves of Fig. 2 were prepared using the modi- 
fied Iribarren formula (Eq. (1)), and show the effects of variations in the _ 
measured value of H on the calculated values of K'. Since W, is directly pro- 
_ portional to K', variations in “ have the same effect on calculated values of 


Wy as they do on K'. It can be seen that for steep breakwater slopes, small 
variations in the measured value of u cause large variations in the calculated 
+= values of of K" and Wy. , This becomes more significant when it is recalled that 


the use of concrete armor units of special shape is more apt to be economical: 


ly : feasible only for the steeper breakwater slopes. = 


sions - Based on the results of the tests to determine friction coefficients, corre- 
_ lation of test data by the use of Iribarren’s formula was abandoned, and a new . 


_ stability equation, similar to the Iribarren formula but capable of more ei 


Friction Coefficients = = tang) of Armor Units 
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Analytical Bases’ of Stability, Equation = 


sts § When en short-period wind waves impinge upon a pervious rubble-mound ~ a 
ob- | breakwater, the resulting interplay of forces developed by the wave-induced © ns 
ade water motion and the resisting action of the armor units in the cover layer is oe 
basic extremely complex, and attempts to describe the phenomenon quantitatively a :; 
rigorous theoretical analyses have not, as yet, been successful. Waves at 
aralle]§a breakwater may break completely, projecting a jet of water approximately a 
wave perpendicular to the slope, break partially with a poorly defined jet, or es- | 
woul 4 tablish an oscillatory motion of the water particles along the breakwater Sees 
juarry similar to the motion of a clapotis at : a vertical wall. _ Characteristics of the = ; 
motion of water particles when short- -period wind waves encounter. arubble- 
he 0.30-— mound breakwater are determined by the wave steepness (H/A), the relative 
wt for Bdepth (d/A), the relative height (H/d), the depth of water at the toe of the iui > i 
gh of [breakwater slope (d), the angle of the beach slope seaward of the breakwater _ ne 
r-unit §(c), angle of seaside slope of the breakwater with the horizontal (a), the = 7 
to test of obliquity of the attacking waves (8), and the shape, thickness, and —— an 
e modi-™of the cover layer and underlayer materials (a, r, and P, respectively). Bat ; 
2 @ _ The ability of an armor unit in the cover layer to resist the forces caused 
ly pro- §by wave action is determined by: | the buoyant weight of the armor unit (Wy), pe 
es of position of the unit relative to the : still-water level (z), the angle of 
small slope (a), the height of breakwater crown above still-water level (h), the width e “ 
culated of breakwater crown (m), the shape of unit (A), porosity of the armor units a : 


d that place (P), thickness of the cover layer (r), the porosities and thicknesses of | 
10mical-mthe underlayers, and the method of placing the breakwater material, especially _ , 
—s the armor units in the cover layer (dumped pell-mell, placed in some orderly iil 


corre- #anner to obtain wedging action, or r stacked without wedging action). 


TETRAPODS 


Fis. armor ‘or which friction coefficients were 
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aa Short- -period wind waves incident upon a rubble- mound breakwater develoy 


q where | Cqgisa drag coefficient, Cm is a virtual-mass coefficient, is 
i characteristic linear dimension of the unit such that the projected area of the 
i a unit perpendicular to the velocity is Ky 2 and the volume of the unit is k, \3. 
Yw is the specific weight of the water in which the breakwater is to be e situat: . 
7 ed, g is acceleration due to gravity, and V is the velocity of the water flowing 
| around or impinging on the armor units in the cover layer. 4 Because of the 
-. difficulties inherent in an attempt to evaluate the separate sets of coefficients 
Cgka and Cyky, which would involve either direct measurement or a derived 
__ expression of the acceleration (3V/dt) in terms of the wave characteristics, J 
a. and in order to | simplify the force equation used to correlate test data, , the 
effects of acceleration are combined with the drag force. The eres 
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RUBBLE- “MOUND 


evel the total coefficient, is a function of the terms Cakay and 


<_*, _ The velocity of the water jet resulting from a breaking wave (Vp) is equal i 
ito the particle velocity at the wave crest which, at the instant of breaking, is putts 
to the celerity of f the wave form. Thus, for shallow-water waves, 


jp Also at breaking, Hp = kd, where k = {(H/A). Therefore, by 


, of the} Substituting this value of velocity in Eq. (4), the expression for the force exert- ra 
ky X°, ed on an armor unit by a breaking wave, in terms of wave height, cos ae. 3 


ficient) For constructed | by or placing armor units es- 
erived® sentially pell- -mell, the forces resisting displacement are the buoyant weight vr) 
istics, Bof the individual units and the friction between units. _ Except for isolated 2 
the sinstances where wedging action is involved, friction between armor units can a: 


be e neglected, and the principal resisting force for pell- -mell-constructed cover 


_ For incipient instability of armor units in a rubble- -mound breakwater, o or 

ill ll slope, subjected to breaking W; = = | 


“ce “Ste 


r= and subottuting in Eq. (9), 


The weight of an armor unit in air is Wy = ky 
Substituting this value of hi in Eq. 
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_ The forces that tend to displace armor units from | breakwater slopes vil 

‘the waves do not break, or break only partially, are not the same as those — 

forces that result from breaking waves, nor do they act in the same directioj 

_--« However, the order of magnitude of the nonbreaking wave forces, and the ef- 
: fects of these forces on the stability of rubble-mound breakwaters, should kB 

: approximately the same as those caused by breaking waves. It is believed, 


therefore, that Eq. (12) adequately represents, at least in the first 


oath iS. placing armor units / 


In Eq. (13), Cq at Cm are functions A and the Reynolds 


al Kg and ky are Sanctions of A. The he of Iversen’s 

_ ae modulus for accelerated motion, (8) is omitted from the list of variables tes Ste 


in this investigation because of the difficulty of obtaining accurate velocity- 
___ time histories of the flow around individual armor units. 
a : ae In the first phase of the present testing program, the upper portion of the 


small-scale breakwaters was constructed of rocks simulating quarry stones, 
all pieces of which were of nearly the same weight, specific weight, and shap 
Ih addition, the crown width of the breakwater test sections was standardize(y 


at three times the average diameter of the armor units, the angle of obliquity 


aaa level sufficient to insure that the stability of the structure would 
_ be influenced by the ‘stones used in the lower portion | of the test section. 
| those tests in which the no-damage criterion was used in the selection 0 
7 design-wave heights, the crown heights above ‘still-water level were sufficie 
to prevent overtopping by the test waves. For those tests in which the wave 
heights used were greater than the previously selected design-wave heights, 
the crown heights above still-water level, and the depths ° to which the cover 
a _ layers extended below still-water level | were equal to the previously select 
: aa wave heights. For all tests, the water depth between the wave gener 
_ ator and the breakwater was constant, and was sufficient to prevent the ratio 
from influencing the action of waves on the structure. For the tests 


ag 


on the stability of armor units in rubble-mound breakwaters. “— 
_ When damage is allowed to occur to the breakwater (by use of wave heigh 


height), the geometry of the structure, ‘the moti 
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of the water particles, and the resulting forces on the breakwater differ from — 


‘those resulting from tests in which the no-damage criterion is used. Thus a 

damage parameter, D, defined as the percentage of armor units displaced | pana oe - 

from the cover layer by wave action, is included as a prime variable. = a | 

= — For the breakwater sections investigated in the first phase of the testing _ 4 

program, in which the armor units were rocks simulating rounded and smooth ie 

uarry stones placed pell- mell 


6 (14) 


In the second phase of wed testing were 


The the left side of Eqs. (13) (15). 5) is 

the stability number r (N s) for rubble- -mound breakwaters. 


as, 

Na The breakwater stability tests are conducted in a concrete flume 5 ft wide _ 


4 ft deep, and 119 ft long, equipped with a plunger- type wave generator. ‘Wave 
heights are measured with a parallel-rod-type wave gage, and recorded on a 
direct-writing wave-height measuring apparatus consists 

of the wave gage (two 1/8- in. stainless steel, ‘parallel rods 1.2 ft long, pon 

‘2 in. apart), a balancing circuit, a Brush universal analyzer (Model No. BL- 

$20), and a Brush magnetic oscillograph (Model No. BL-201), 

- Cross- -section measurements of the small-scale breakwaters are obtained _ 7 

with a sounding rod equipped with a circular spirit level for plumbing, a scale 
‘graduated in thousandths of a foot, and a ball-and-socket foot which facilitates 
adjustment to the irregular surface of the breakwaters. — The foot is circular, _ 

and for each test the diameter of the foot is equal to one-half the average 

_ Two primary types of stability tests are being conducted in ‘this: investi- 
gation. First, design-wave heights are determined for breakwater sections of is 
sufficient height to prevent overtopping by the test waves. -Design-wave height — 
is defined as t the maximum wave height, measured at the location of a pro- ge = 


| posed breakwater before it is constructed, ‘which will not damage the cover -. 


layer. The removal of up to one per cent of the. total number ‘4 armor units in 
cover layer is considered to be * no damage.” 
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e Safety factors for breakwater sections designed on the basis of the criteria 


established ian aaa of the no- -damage and no-o overtopping tests. 7" For the 
-safety-factor tests, breakwater sections are constructed in the wave flume in 
accordance with the results of the no-damage and no-overtopping tests, a 


a amount of damage, as determined by the percentage of armor units re- 
moved from the cover layer, is obtained as a function of wave height. Wave - 
4 heights greater than the previously selected design- ‘wave height for the 1 no- 


damage and no-overtopping criteria are used in these tests. — 
In addition to the two above- mentioned types of tests, special tests are con- 
ducted from time to time to determine optimum designs for specific break- 


waters. In these tests, design-wave — may ad determined for conditions 


bani 
in . Figs. 3 and 

no- 

overtopping tests, the crown heights were sufficient to sot overtopping, 
and the cover layer was extended a sufficient distance below still- ~water level 
to prevent damage to the class B stones used below the armor units. The ~ 1 
distance below still-water level to which the armor units extended, as well as 

_ the height of the breakwater crown above still-water level, was equal to or q 
greater than the wave heights’ used to test the breakwater sections. In the of 
safety-factor tests of quarry-stone armor units, the crown heights above still- 
water level, and the maximum distances below still-water level to which the 


armor units in the cover layers extended, were numerically _ to the ” . 


the type breakwater section shown in Fig. 5 was used. break- 
water section was designed for overtopping. 
‘Types of Breakwater Materials Used 
- Quarry-Stone Armor Units and Class B Stones. -—In each s stability test the 
.. stone armor units were as nearly the same weight, specific weight, a 
and shape as possible. Both the armor stones and class B stones were sized 
- from crushed basalt. The > weights ¢ of class I B stones were > approximately the 
pacer as those of the armor ‘stones; however, the class B stones were sized by 
_means of sieves, whereas each armor stone was sized and shaped by hand and 
weighed ona a torsion balance having a sensitivity of one- tenth gram. . Two 


a fs heights of waves used in the safety-factor tests, oak be within the range 
ea of wave dimentions that the wave machine can generate. _ Approximately 2800 


Sn of the larger-size armor stones were used. Based on a representative 


sample of 175 pieces, the average weight and specific weight of the larger-siz 


stones were 0.30 lb and 176.0 lb per cu ft, respectively. Based ona 


representative samples of 475. pieces, the average weight a and specific weight 
_ of the smaller-size armor stones were 0.10 lb and 174.7 lb per cu ft, re- 
- spectively. The core material, which h was t the same for all tests conducted, 7 


_ consisted of crushed basalt with a ‘mean particle diameter of 1/8 * eds 
_ ‘Tetrapod Armor Units.—Tests have been conducted using tetrapod- shaped 


. oh armor units | molded of both concrete and leadite. ”" Leadite is is the trade name 


fora | caulking compound wh 1 has a specific weight nearly the e same as that | 
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Figs. 3, 4, and 5. Elements o of breakwater sections tested dion gag Sh 

of the concrete used to mold the tetrapod armor units. Based on representative | ar 
samples of 125 pieces, the average weight and specific weight of the concrete ey. 
tetrapods were 0.21 lb and 142.3 lb per cu ft, respectively, and the average — ; 
| weight and specific weight of the leadite tetrapods were 0.22 lb and 140.4 lb 


The iiitallichiber test sections were constructed in the wave flume « ona sand 


base 85 ft from the wave generator. The core material andclass Bstones 


d of Construc ing Test Sections ah 
from the base of the test section to the crown of the core were placed with the a 


flume dewatered. 2 The core material was wetted with a hose and then compact- E 
' ed with hand trowels to simulate the natural consolidation effected by wave Sei.. 
-§ action during construction of full-scale structures. The class B stones were © 

then placed by shovel and dressed by hand, | the 
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g the desired ceili einaioi For the type of breakwater shown in Fig. 3, 
_ the wall ‘stone armor units from the crown of the class B stones and core- 
eng were placed by dumping, pell- 


breakwater 


i terial were placed in the manner described for placement of the class 3 
‘ __ stones, and the armor units, both above and below the water surface, were — 
_ placed by hand. ‘These r methods of constructing the breakwater test sections 
were adopted sO as to as possible, the usual methods of 


matey 0.02-ft the maximum wave height was found that 7 
ae not remove more | than one per cent of the armor units from the cover» 


During the oie the wave generator was stopped as soon as reflected wave 
‘ from the breakwater reached it, and the waves were allowed to decay in order 


_ to prevent the test section from being exposed to a multiple, undefined wave 
system. Accurate determination of the height of test waves was ee 


ES waves at the end of each cycle. “The larger waves, which | occurred abou : a 


one per cent of the time that waves attacked the test structure, , averaged aboulg 


12 | per cent higher than the average height of the highest one-third of the wav 


in the wave trains (Hy /3). _ Waves of height Hy /3 are called the “significant” | 


: waves of fully established wave trains in nature. It has been determined(10) 
that storm-wave trains in nature contain waves about 25 per cent larger than 
¥, the significant wave 5 per cent of the time, 33 per cent larger 3 per cent “a 
fe the time, and 58 per cent larger 1 per cent of the time. ‘The importance of 
ri these: facts with respect to the design of rubble- -mound breakwaters is not fully 
/_ understood at the present time. However, it is believed that the existence of 
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Ran es of Wave and Breakwater Characteristics Tested Sonnet 


W hei ht (H) 0.28 to 0. 69 ft 
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“Relative depth (4/A 0.10 to 0.50 


‘Quarry 0 to 5191. .6 Ib per cu ft 
Concrete t tetrapods 135.0 to 154.0 lb per cu ft 
Leadite tetrapods (y, Oto .0 1b per cu ft 
Weight 


from which, if 


that, for pell- placing of armor units, the de- 
_ termined coefficient (Ka) varies primarily with the shape of the armor units. a 
values of Ka for quarry~stone and tetrapod-shaped armor units, , corre- 
sponding to the best-fit lines AB and MN of Fig. 6, are 3.2 and 9.5, re Poh 


t » Tests conducted previously showed that, for the type of breakwater teste : 


_ and for breakwater slopes flatter than 1 on 2, the stability number increases 
_ er as the nur number of layers of armor units is increased from 2 to 4. Al 
a an increase in stability number means a decrease in weight of armor ; a 


unit for the same wave the saving it in of 1 material per armor 
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_ Because ‘storm- wave trains contain waves higher than the significant height 


(H13), ), it is ; important that r rubble- mound breakwaters be designed so that 


ie. information concerning safety factors for rubble-mound breakwaters designed 


J 4 the cover layer (D) as the parameter. The damage tests were conducted using 
x ‘solid line AB in Fig. 7 is the same as line AB in Fig. 6, , it is the approxi- 


, criteria. _ The dashed lines in Fig. 7 were drawn parallel to line ABthrough § 


they will not fail when subj ected to waves with heights moderately larger than 

_ the selected design- wave height. . Thus quarry-stone armor units were subject- 

ed to tests in which wave heights | were greater than the previously selected | 
_ design-wave heights for the no- damage and no-overtopping criteria to obtain 

on: the basis of Eq. (18). Results of these tests for quarry- -stone armor or units 

are presented in the form of a log-log plot in Fig. 7, with the stability number 
’ (Ng) as the ordinate, cot a as the abscissa, and the percentage of damage to 


0.10-lb and 0.30-lb armor stones and relative depths of and0.25. The 


Y _ mate best-fit line through the data points for the no- man and no-overtopping | 


data points delineating approximate ranges of percentages of damage t to the 


join 


_ NOTE: NUMSERS BESIDE DATA POINTS _ 


INDICATE THE NUMBER OF TESTS — 
WHEN GREATER THAN ONE. | 


than offse y the increased thickne 
a Fe 7 a indicated that n = 2 is the optimum for tetra 
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layer. Although the dashed lines represent only rough 
F of ra amounts of damage obtained for the different wave heights, it is believed 


over 


"parameter, they reflect the test results with sufficient accuracy for the im- 

mediate needs of the design engineer. = 
‘The form of the equation for the dashed lines in Fig. 7 is the same as that _ 
of lines AB and MN of Fig. 6; therefore, the general formula for stability “a 
quarry-stone armor units, for H 2 Hp-o, is 

where Kp is the « / experimentally determined damage coefficient, and H is the | 
corresponding wave height. Table 3 shows values of D, H/Hp-o, and Kp 


corresponding to the various lines in Fig.7. 
. In this tabulation, the amounts of damage to the test sections are given in i. 


terms : of percentages of the armor units removed from the cover layer. In the 


NOTE: NUMERALS BESIDE DATA POINTS ARE EXPERIMENTALLY 

6 DETERMINED PERCENTAGE VALUES OF DISPLACEMENT ({D) 

OF ARMOR STONE FOR CORRESPONDING VALUES 


= FROM SAFETY-FACTOR TESTS USING BOTH SIZES 
oF ROCK. 


Fig. 7 . Stability of quarry- -stone cover F layers: 
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teste the sections were the ‘shown in n Fig. 3, with» 

i both t the crown height above still-water level and the maximum distance below 
ie -still- -water level to which the armor units extended equal in magnitude to the 
oe previously determined design-wave height. Thus, the percentages of damage t 

for these tests are considerably smaller than the corresponding percentages — 
- of damage which would obtain for breakwaters of the type shown in Fig. 4, | 
‘other conditions being equal. In the Fig. 4 breakwater section, the volume oul 
ss ‘the cover layer is smaller than that shown in Fig. 3; consequently, for equal — 

_ amounts of damage to the cover layer, the percentage of damage is proportion- 

ally larger for the cover layer of smaller volume. 
ieee oe tests to determine the amount of damage to tetrapod cover 
as a function of H/Hp-o have not been conducted. However, prelimi- 
tests of tetrapods in which waves larger than Hp=0 were used indicate 
" ae that the limit of stability of tetrapod armor units, with | n= 2, is reached when 
the ratio H/Hp=0 becomes equal to approximately 1.2. . For values of H/Hp-9 
4 slightly larger than 1.3, failure of the tetrapod cover layer occurs. —iItis be- 
- lieved, therefore, that a value of Ka of 8.3, which corresponds 5 tne 


be used for design of tetrapod c cover layers. until more ‘quantitative infor- 
mation is available concerning safety factors for tetrapod armor units. aly 

It is emphasized that the wave heights in Eqs. . (18) and (19) are the selected 
‘significant waves that occur at the position n of a proposed breakwater before 
ee: ‘the breakwater is constructed, and not the heights of waves moving up, or — 
rc breaking on, a breakwater slope. Also, it is pointed out that the e angle (a) in 

: these equations is the angle of the breakwater slope as first constructed, and 
: not the angle of the breakwater —_ after the breakwater has been stabilized 
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be it: is not exceed allowable limits as = 


7 termined by the type of harbor and the use for which different areas in the © 


the © harbor are designed. _ There is considerable experimental data in the | litera- pena 
age # ture concerning wave run-up on paved slopes, beach slopes, and shore-line _ on 
ges f structures such as seawalls, (11,12,13,14) and a theoretical method of comput- | 
. & ing run-up on smooth, impervious slopes by Miche,(15) has been noted in : a es 
eof | paper by Bruun. (16) However, comparatively little : run- up data are available 


ual for structures with slopes as rough and porous as rubble-mound breakwaters. 
rtion- ae Although limited in scope, the small-scale tests of wave run-up on sal 
— structures conducted by G Granthem(17) provide some information on this _ pag 
subject. Granthem’s tests were conducted in a manner that approximated the 


ni : action of waves on rubble-mound breakwaters. Although derivation of a theo- — 
ate retical basis for interpretation and correlation of test data was not attempted, : 


when § it is believed that the important parameters suggested by Granthem’ stests 
can be used to correlate data obtain in the present testing program. . Granthem en 
be- § concluded from the results of his tests that the primary variables affecting _ I 
wave run-up are: the wave steepness (H/A), relative depth (a/n), angle of the a) 

seaside ‘slope (a), and porosity of the structure 

Hydraulic roughness of the slope surface and the e angle o of obliquity of w — 
attack (B) are also believed to affect wave run-up. The hydraulic roughness = re 

of a breakwater slope is difficult to define quantitatively; however, for cco . 

quarry-stone armor units placed pell-mell, such as those used in the — 


~ 
< 


gation discussed in this paper, the average thickness of one layer of armor 
units should provide an approximate measure of this variable. Thus, corre- 


lation of the run-up data for rubble-mound breakwaters may be accomplished 


tested was essentially and the of wave ‘obliquity was 0 
a Therefore, for the tests completed to date, Eq. (20) reduces to 


run-up for a wave train consisting of from 10 to 15 waves. ecgapiaga ad eel ey. 

Las Results of the run-up ) observations are presented graphically in Figs. 8- 10. 
These data show that the wave run- up factor (R/H) isa function of breakwater ; 
slope, wave steepness and, to some extent, the hydraulic roughness of the “a mr 
breakwater surface. The effects of relative depth are obscured by the wide 


range of sc scatter in the o observed values of run-up, which is attributes to diffi- 


a ing surface, and the complexity of the phenomenon of wave motion on rubble- 

— mound slopes. The range of scatter should be even larger for wave run- 7 

4 4 | measurements on full- -scale structures. Therefore, it is believed that the - 

limits of the envelopes of data points, indicated by the solid lines in 
ay Figs. 8-10, should be used in selecting design crown elevations when overtop- ‘j 


| ping of a proposed rubble-mound breakwater cannot be tolerated. ee 
| The test data show that breakwater slope and wave steepness are primary 
variables affecting 1 wave run- up on porous rubble- mound breakwaters of the 


ith 

_ 

and 
lized 

a 

— 

ce _— Wave run-up data were obtained by visual observation. The average of five ae 

; a individual readings was recorded for each size wave used in the testing of aie ae a: 
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e range o of test conditions used to date, R/H 
i? The tests were not designed to study the ph of the hydraulic — 
of the breakwater surface on wave run-up. However, two sizes of armor 
stones were used in tests of sections with side slopes of 1 on 4 and 1 on ated 


| 


4, For the 1-on- 5 however, the r run- -up factors: for the smoother 
surface, i.e., the slope composed of 0.10-lb armor stones, averaged approxi- Hs ip 
mately | 20 per cent greater than the corresponding run-up factors for the — 
composed of 0.30-lb stones. This can probably be explained by the fact that 
waves tend to break more readily on flatter slopes, and as the breaking waves 

rush up the slope, the depth of flow decreases - resulting in a | greater — 
centage of energy loss for the rougher surface. Also, the flatter slopes 
vide a greater distance over which the losses of energy may occur. However, 7 
these tests: are not sufficient: to determine fully and accurately the effects of | 


hydraulic roughness on wave run-up, and additional tests are therefore 


oe qualitative ‘measure of the effects | of porosity can be obtained by compar- 2 
| ing the results of the present tests with results of those conducted at the - = ie 
Waterways Experiment Station during 1954 and 1955 in an investigation of be 
= Wave run-up on Lake Okeechobee levee slopes.’ (18) ‘The porosity of the armor- 
_— stone cover layers u used in the present tests averages 2 about 41 perc cent. * 
Levee slopes used in the Lake Okeechobee tests were smooth and impervious. — ous. 
| The comparison of the results of these two sets of tests showed that the a 
ET up factor for the smooth impervious slopes ‘averages about twice that obtained i 


_§— for the comparatively rough, porous slopes used in the tests of rubble- mound = 


| Breakwater design requires, in addition to quantitative data to insure sta- 
bility of armor units and prevent excessive overtopping, accurate information 


4 


weight, and specific weight of the individual armor units. The thickness of a 


| layered pile of quarry stones or other type armor units may be computed by 


where r is ‘the | thickness of n layers ofa armor units of weight W, and specific 
weight experimental thickness coefficient k, isa function of armor- 
unit shape and, to some extent, the manner of placing armor units . The — mag 
porosity ofa given number of layers of armor units of given shape A, weight | 


Wr, and specific weight can be by the equation 


where P is the porosity in per cent, and Nr is the experimentally determined 
number of: armor units for a given surface area, AL Eqs. (22) and — ae 


4 
— 
— 
4 
— 
4 
Concerning the thickness and porosity Of the Cover layer a5 Of Shape, 
‘ 
— 
q 
4 
| 


‘The ‘preparation of cost estimates and the necessary planning for con- 


- breakwater sections of different types, and for different shapes of units, 
is known. The required number of armor units for a full- scale ~~ . 
can be determined from the equation 
= 
Testis to Pas functions of ar armor- have been 
conducted using tetrapods and quarry stones of seven different it shapes (desig- 
nated A through G) varying from ‘nearly round to flat. The shapes of the rocks! 
eS determined by measuring their average dimensions in three mutually 7 
perpendicular planes. The rocks were placed pell-mell, by layers, ina 
square box 2 ft wide and 1 ft high. The surface of each layer was sounded to 
mn its average thickness, and the number of rocks required to form . 
each layer was counted. . The thickness coefficient (ka) and the porosity of ¥ 
the rock layers (P) were then calculated by means of Eqs. (22) and (23). pay 
| _Thickness and porosity data were obtained for one, two, three, and four 
layers of each shape of rock. Individual stones of each type having approxi- 
mately the same weights and shapes" were selected. | _ The rocks varied in = 
| Weight from 0.12 to 0.46 lb, and had an average specific weight of 176.0 lb per 4 
cu ft. The manner of placing the rounder rocks (shapes A, B, and C) corre- 
sponded to pell- -mell construction. For: the more elongated rocks (shapes D 
oo to G), the manner of placement corresponded roughly to masonry-type con- 
_ struction, with the largest dimension of the rock parallel to the breakwater b 
slope. This m manner of placing elongated stones was used to determine the ef- 
. 5 fects of shape factor on the coefficients ka, and P, and is not recommended for 
s Tests of tetrapod armor units were made using the 2-ft-square box as de- 
scribed above, with the units placed pell-mell, two layers thick. Tests of a 
: ‘aa were e also made in n which the two layers | were placed i in the c cover r 


The results of tests to determine the thickness coefficient (ka) and the a 
. i-_e (P) for the different shapes of quarry-stone armor units are shown 
: in Table 4. Both ka and P vary with shape of the stones; neither, however, 
vary with the number of stone layers (n). _ The thickness coefficient has an 
j average value of 0.94 for the shape A (nearly round) armor stones, and de- 
4 “creases as the shape of the stones becomes flatter and more elongated, to an 
average value of 0.64 for the shape G stones. Porosity increases as the shape 
of stones becomes flatter and more elongated. The average values of P for 
= shape A and shape G stones are 39% and 47%, respectively. toa al 
es unites results of tests to determine values of kg and P for tetrapod armor 
_ units are shown in Table 5. For tetrapods placed geometrically, two layers 
thick, average values of ka and P are 1.06 and 43% respectively. For tetra: 
pods placed pell-mell, two layers thick, the respective values are 1.00 and 
oe In addition, results of Danel(7) and Hudson and Jackson(9) are shown for 
_ tetrapods placed pell-mell and placed semipell- -mell, ‘respectively. ‘It is be- 
lieved that values of Ka and P of 1.0 and 50% are representative of the con-— 
_ ditions which would obtain when placing tetrapods in two layers to form cover 
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and 


 iItis concluded iia the results of tests danshaat to date on small-scale 


und breakwaters with quarry-stone and tetrapod- aque act armor unilj 


. oon s formula is not sufficiently accurate to be used in designing 
valle rubble-mound breakwaters unless it is used on conjunction with values 
ss, of the experimentally determined coefficient K', as a function of break- 
Borys! _ water slope, shape of armor unit, and the other important variables di 
b. Use of the Iribarren formula i in correlating the stability- test data for - 
_ rubble- mound breakwaters is not feasible, because the experimental _ 
der a coefficient K' va varies appreciably v with the coefficient of friction uy, , and 
“tl accurate values of the friction coefficient for the different types of © ; 
armor units are very difficult toobtain; 
-s Cc. The assumptions upon which the a analysis of the phenomenon of waves 
ag attacking a rubble-mound breakwater was based are sufficiently accuri 


q 


” of the type tested by waves larger t than the Dome ‘aed wave can be 
estimated from the results of damage tests presented in this paper. 


ww 
— 
a 
uracy by the 
— 
armor units and n > 2, designed in accordance with Eq. (18) using tetrr: 
_ a —— 3.2, is adequate; however, in view of the fact that nature wave than 
a eo aes trains contain waves of heights as large as 1.6 Hy /3 approximately omef high 


per cent of the time, with a ‘a corresponding value c of 1. 1 Hi 


for the small-scale test waves, there is some doubt as to which of the 


ae. “wave heights in natural wave trains should be selected as the — 

g. Eq. (18), with a value of 8.3 for r Ka, can be used to design tetrapod cover -, 
layers for rubble-mound breakwaters; but, since preliminary tests have 

“indicated that tetrapod cover layers with n = 2 are damaged appreciably — 

_by waves slightly larger than 1. .3 Hp= -0> it is recommended that design-— 
wave heights for breakwaters having this type of cover layer be select- 

For the conditions tested, in which the H/d ratio was comparatively A : 

= small, the stability of rubble-mound breakwaters is not appreciably af- 

4 fected by variations in the d/A and H/A ratios. However, special sta- 24 

bility t tests recently co concerning a breakwater at Nawiliwili 

= & Harbor, Kauai, T. H. ,(19) where the H/d ratio is critical and waves 

% break directly on the breakwater slope, showed that baad ratios H/A and 


d/d are important variables for these conditions. 
Two layers of armor units are optimum for tetrapod cover layers. Ps) : 
4 slope (tana) and wave steepness (H/A) are the primary 
variables affecting wave run-up on rubble-mound breakwaters where 
the H/d ratio is sufficiently large so that breaking waves do not occur 
on or seaward of the Beenkuater slope; wave decreases when 


ik. sn The thickness of cover layers and the number of: armor units required 


1, and 


Conservative of k,and Pp for selected quarry- stone armor units 


pell-mell are 1.0 and 40%, respectively. Corresponding values 

P for tetrapods are 1.0 and 50%, respectively, 


“saga are ‘currently being conducted at the Waterways Experiment Station ee 
Fe determine the relative efficiencies of quarry- stone, tetrapod, tribar, | tetra- 4 
_ hedron, and other special-shape armor units. “Tribars(20, 21) were developed 
by: R. Q. Palmer of the U. S. Army Engineer District, Honolulu, T.H. 
As of this date (April 1959), test obtained at the Waterways Experi 


Few: Station indicate that , with n= : (a) tetrakedrons are inferior to both “ae 
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tribars are iiidieaiaa for a two- ‘layer cover for rubl le-mound breakwaters. | 9 
4 


a Also, it has been determined that tribars can be placed as a one- layer unit 
es above still-water level in such a way that the stability provided is considerabh 
a ras greater than the the stability provided by two layers of either ' tetrapods « or or trae 

ee, ‘The « experiments s reported herein were performed in the Wave Action. 4 
a Section, Hydrodynamics Branch, of the Hydraulics Division, U. S. Army Engi- 


neer Waterways Experiment Station, Vicksburg, Mississippi, by Mr. R. A. 


Le, _ Jackson, Hydraulic Engineer, with the aid of various assistants. _ Their work | 

was under the immediate supervision of the writer. The testing program is 

- sponsored by the Office, Chief of Engineers, U. S. Army, Washington, D. Cy 

under Civil Works Investigation 815, “Stability of Rubble-Mound Break-— = 
fae waters.” The aid of Mr. £6. . Housley, Hydraulic Engineer, Waterways Ex- 
periment Station, in the preparation of material and review of is | 
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“List of of Symbols 

a 


area, 


in Eq. (17) 


OR Refers: to conditions 


Refers to damage of cover song Ke} 


Acceleration due to gravity, y, ft/sec? 


vat Wave height, i. e. the vertical distance from trough to crest, 
measured at the location of a breakwater, 


Coefficient in modified Iribarren 
Coefficient in new stability formula for 


no and no varies with ‘shape of armor 


os - Coefficient in new breakwater stability formula, varies with 
percentage of to. cover layer” fora given shape armor 


Number 4 
Number 
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7) ayy Thickness of cover ‘layer, measured perpendicular to 
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ynolds numbe 
Reynolds number 
gravity, e.g., Sy = 


period, sec 


a Refers to volume | 
Velocity, ft ft/sec 
Refers to 
weight of armor unit, 


Vertical distance, measured positively upward from s 
Angle of breakwater slope, measured from 
of obliquity of wave attack, deg, e.g., wave crest 


i 

& 
= 


Refers to shape efector 


length, 


Coefficient of friction. 
_ Angle of beach slope, measured from deg 

az 


Reciprocal of breakwater slope 

Breakwater slope 

4 

factor 42 

Relative depth 


Wave steepness 
Relative height ing 
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[AT ERWAY AND HARBORS DIV ISION | 


Jr., LM. ASCE 


‘This paper discusses and from the standpoint of 
the manner and effectiveness with which they reflect or dissipate the incident 
wave energy. . Various laboratory results are considered and their 


particularly as regard wave up- -rush. 
wort 


ht the wave- up- rush, was originally written in August 1955, “at the request of 
Mr. A. L. ‘Cochrane, Chief, Hydrology and Hydraulic Branch, Office of the . 
Chief of Engineers. The conclusions have been verified by laboratory investi- 
The laboratory work which was personally observed was 
in the Laboratorie Dauphinois d’Hydraulique, Grenoble, France, and in the 
- Beach Erosion Board, Corps of Engineers. The tests at the Beach Erosion 
_ Board were under the supervision of Mr. Thane Saville, Jr. . The me rial 
= a municated to the Sixth Conference on Coastal Restanovian at Miami, Florida, _ 
— in December 1957 and to the Mechanical Engineering Division of the National — 

Research Council of Canada at Ottawa, in June 1958. 


increasing population < and expanding industries. | 

Note: Discussion open until February 1, 1960. To extend the closing date one month, a 
written request must be filed with the Executive Secretary, ASCE. _ Paper 2172 is hn 


a of the American Society of Civil Engineers, Vol. 85, No. ww 3, eapeonn ee. 
Lh Major, Corps of Engrs., U. S.- Lake Survey, Detroit, ‘Mich es 
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The building of protective sea walis and breakwaters along coastal and 
inland shores has become imperative j pl 
— 
— 
3 
— 
wa 


forces of water masses have been cause for | concern to many countries for 
centuries. The attention of the world was focused on the Netherlands and 4 
England when the storm flood of 1 February 1953 breached their dikes and . 
= sea walls causing great loss of life and damage to property. The author had — 
the invaluable experience of assessing | firsthand the causes of ft the dike failures, 
= —s a detailed report was submitted to the Chief of Engineers, U. S. R 
amy: (1) The sight of fertile lands and deserted villages inundated as far as 
_ the eye can see makes a lasting | impression of the vital need for proper fore-_ 
casting techniques and design of sea ‘defenses, see Fig. 1. - Although some of 
the sea walls failed because of mechanical defects and improper drainage, , it 
is reliable knowledge that the majority of all failures were | caused by the 7 
s overflowing or overtopping of the sea walls. _ The structures were stable until 
this overtopping occurred and, generally, it was the erosion of the land faces — 
_ that brought about the failures, see Fig. 2. It is, , therefore, of the utmost im- 
< _ portance that the engineer have a working knowledge of the expected wave up- 
t to properly design saf safe hydraulic 


sails waves are the prime destructive force, to design a safe structure, 
facts must be obtained about the expected waves and their action. Insome 
regions, the transfer of the energy of the wind to the water surface causes “; 
rise in the water level. In this paper, I have assumed that the storm water é 
ie is known; that is, the combination of normal water level, tide, and wind 
_ Most waves are generated at iinet in what is called « deep water ‘where the 
= bottom has no affect on the normal wave properties. Usually, protective | “on 
structures are located on the shore line or in shallow water. Thus the bottom 
affects the waves and alters their characteristics before they reach the a 
structure. ‘. Deep water wave characteristics can be computed using the fetch 
__ type formula of Sverdrup and Munk. (2) The characteristics of waves generat 
_ ed in very shallow water can be taadinnl by using the relationships | given in 
the Corps of — publication “Waves and Wind Tides in Shallow Lakes — 


It is necessary to define the meaning of the symbols used in this paper. 
_ Most of these symbols are shownin Fig.3. 
‘ _ There are several relationships, all very well described i in the Beach - 
_ Erosion Board Technical Report No. 4,(4) which will be discussed briefly to 
assist in clarifying the change in wave properties as a wave is propagated — 
from to shallow water. The term “ped usually connotes water 


deeper t than one half the surface wave length, >> 


Fig. 4 shows th the relationship between water and deep water wave 

as a of ——. It can be seen that for values of 033 there 


| “9 ___ these structures cannot be overdesigned, yet the impelling need for protecting a5 
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island of Schouwen, the Netherlands. _ 
Waves attacking buil polder, 


inside face of a 


ter 
> Example of the failure of the dike. Notice 
wave action in the shallow water of the polder. 
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Munk(5) has shown in his paper on solitary waves that wie : i 

has ¢: calculated the relationship between — and This is shown 


§ it is possible | to compute most of the necessary wave characteristics. “Rsz<: 


should be remembered that the wave period, T, may be considered constant | as 
In this paper, it will be presumed that the waves approach the oo 
frontally and the wave heights are unaffected by refraction. "However, ifthe — = 
structure or coast line is fronted by a gentle sloping beach, obliquely ap- ae 
_ § proaching waves will be bent so that 1 the wave crests will align | thenseives. 
B with the bottom contours and the waves s will advance almost frontally. weed “re 
_ The velocity at which the energy of a wave is propagated shoreward differs. = 


from the wave the wave energy moves with ‘one half 


the wave speed, paieuan in very shallow water—that is, when De 0 04— the ae 
energy is propagated with the speed of the waves. The total energy ofa 
shallow water wave is slightly less than that of a deep water wave. The energy p= 


Relationship of the the depth of "breaking 


to the deep vater wave height, with ‘the deep water 
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adeep water wave. 7) has shown that for a wave = <= 


» total theoretical energy of the shallow water wave is 95 per cent of that of 
a deepwater wave of equal height and length; yet in the case of the shallow | 
water wave, an amount of energy equal to more than half the total energy of 


~ - deep water lies above the horizontal plane situated at a distance of 03L — 
ee the line of surface orbit centers, while in the case of the deep water 
_ wave only about 31 per cent of the total energy of the wave lies above the same 


a Thus we ‘can see that the wave characteristics and the. depth of the water at , 


=. the “approach of a structure have a great part to play in the forward transfer 
, _of energy and the concentration of energy in the wave. In 1953 the author 
summarized all the general formulae known to him which were being utilized 
to compute wave up (1) One fact was outstanding —wave characteristics, 
except for the approaching wave heights, did not enter into these formulae. % 
This paper will emphasize the importance of wave characteristics and demon- 
strate how they affect the design of sea walls and breakwaters. 


yl The key to proper | — is an insight into the manner in which vai 
wave energy is dissipated. In general the energy 
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is first because it is, in the author’ the most 


important single factor to be considered in the design of a sea wall or break- 

water. When an oncoming wave strikes a structure or even the natural coast, 

_ it can be partially or wholly reflected. In a port, the local agitation of the sea p 

is increased with reflection and it can become a very disturbing factor. . Ac- B 


counts show that breakwaters have collapsed or have been damaged a 


_. Measures, such as the construction of a rubblemound in front of structures, 


-__ of erosion in front of the structure caused by the reflection of waves. __ 


"have been effected to reduce wave reflection and thereby increase the stability | uct 


oe of the bottom. If it is at all possible, the reflection should be kept to a | 


Excellent papers reflection have been written by M. “Miche(8, 


and Iribarren and Nogales.(10) Miche has determined the maximum value of 
e wave steepness at sea, 
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for ey of being totally reflected by an indefinite inclined plane — 


waking the angle a with the horiz horizontal 


of Bf the wi the wave is considered, the maximum ghengnens « of the wave 


“a is equal to tan a. For a greater ‘steepness will be breaking of the 

same f incident wave or the dissipation of power preventing total r reflection. a He de- 
fines the reflecting } power, R, of a structure or of a coast as the ratio of the 


ain iene Hy © of the reflected swell to the amplitude H of the incident swell a 


%y i is ar wave steepness at sea and Yq max is the steepness compatible with 


“™ Botal reflection, the part theoretically reflected, R', has the 
re 

, According to results, Miche states that it should be Se that there is a ps ; 

ertain diminution in volume of the reflected swell due to the turbulence pro- ‘ 
= 


duced in the orbital movement of the wave in contact with the slope. Thus, 
ere is reason to introduce a coefficient p for intrinsic reflection of the  _— 
slope, apparently independent of the slope and which should have a value of ae 

0. 9 for smooth slopes. reflected part—that is, the re 
 Blecting p power R-is, therefore equalto 


value which obtained for the critical slope 
= 


For a given wave, a slape 1 with the value will give a power 


liche states that his formula is less ancarate ait very ‘slight : slopes | than for 


e steeper ‘slopes. we consider values of ao 2 11°—that is, tana =i >= 
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fig Yo max, but the Yo of Iribarren and Nogales is for the | condition 10 


erefore, su substituting the values of Eqs. 00): n 


cia since p = .8 in Eq . (12), the results of Iribarren and Miche are compan 
ble. . For an impermeable smooth slope, Miche has stated that the value ofp 
should be approximately 0.8. = formula of Iribarren was derived for “ 
Bay! It was previously stated that sea walls and breakwaters should be | coal 
ed to keep the reflection of incident waves to a shown Wnited St 


theoretically that if ‘breaking will occur and the reflecting p Wi 
= less than one half . Therefore, , it is of importance to determine if this criff"- Fig 


= a of Iribarren and Nogales holds true in actual cases. They conducted a Mor cons 


few experiments which are summarized in the 


efinitel: 
“Laboratory Data of Irtbarren and 


Measurement: of Slopes | 
( tetbarren) 


66 


* M. Miche, Reference 9, Table Op 
It can be noted that the ' formula of Iribarren and Nogales gives | results which 
; ‘ are very close to the average value between total breaking and total re- y 


flection, and that the formula of Miche gives excellent results for the slope The 


for a 6-feot, ' T-second wave a 1:3 slope destroyed sufficient 


and energy so that no reflection problem was in evidence. It was further 


. that for a 6-foot, 14-second wave a slope of 1:5 could be tested 4 
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It was noticed that as the test slope is steepened, at some pointa i 
| ij. ' — troublesome amount of energy would be reflected from the slope inthe | |. 
ause th 
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slope which will not give excessive reflections, then the answers given by his — 
formula should be comparable to those quoted above. _ Table 2 shows that the 


2) performed some of the first wave up-rush 
nited States. In his laboratory tests, he noted whether the wave broke on ‘the : 


— or whether ' the wave <r up the si structure surface without break- 


Fig. 3 of his paper four graphs of the slope of structure 
or constant and — given by i= 5. 12% 
efinitely app appears ‘to be the slope between the and of 
waves o the structure. The data in Table 3 was derived from Granthem’ a 
pa aper. table indicates that Iribarren’ formula limiting 


= 
remarkably well. > 


— 


“Iaboratory Data of Granthem 

Characteristics 
Breaking Occurred | Formla ‘Surging Occurred | 


The Beach Erosion Board is at pr present conducting a systematic investi- me 
ation of wave up-rush. The author applied the criterion of Iribarren to gli 


{tests that they made in their wave channels and found ‘conclusive evidence 


hat i —, is approximately the critical slope for a smooth 


ructure—that is, for a give 


ww 
dition 
nat — 
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Lis cri 
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the 
| may be concluded, then, that there is excellent evidence to indicate that 
of the slope given by ila of Iribarren and Nogales 


a 
indeed the Limiting between and surging waves. In design, 


therefore, it is most desirable to have the slope of the structure, i, ‘such tha 
4 is less than 7S for the design wave s. In this way, one is assured: of ret At this ; I 


- duced reflections and increased ‘dissipation of energy | by the heat generated rameter 


the turbulence of the breaking wave. varying 
: 


Brea 


Wave Up- Rush 


of a stri 
_ Another method by which oncoming wave energy | is designied is s by wave F any — 
_up- rush. When a wave breaks and rushes up a beach or structure, some J between 

| _ _ energy is | dissipated by the turbulence of the breaking of the wave and | the r TH up the s 
maining kinetic energy of the wave is transformed into potential energy as if 

a runs up the slope. In this section, only an impermeable smooth structure 
with a continuous slope will be considered. Once t the 1 wave up- -rush 0 on this 


waves b 
The up- 
be cons: 


tinuous 
_ predict what will happen with rough, porous, and discontinuous sloping © an 


In formulating the physical law which governs a given natural phenomena 
‘it is normal engineering procedure to form dimensionless parameters from§ -up | 
_ the variables which influence the action studied. The dimensionless param 41.0 pe¢ 
oe _ ters evolved can then be studied in the laboratory and a solution effected. r 
cs _ In an investigation to determine the amount of up-rush on a smooth im- 


_ permeable continuous us slope, , the be 


epth of water 


E 
wave energy 


4 


_ ‘The ‘eins , which is in the form of the Reynolds Number, _ may | be neg 

“lected because the viscous effects should be small except for very fat | 
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reduces to approximately the the value of tanh 2 


At this point, study in of the which these pa- 
rameters | have upon the ‘wave up- -rush is required. | This c can be done easily by * 
varying one parameter at a time while the others remain constant. 7: i Smid 
_ Breaking Waves. —The mechanics of breaking waves and surging waves are 
entirely different. _It has previously been that whenever the 


ofa structure is less than(—- | Waves will break | upon the | structure. 


between waves which break upon a structure or beach and waves which surge BF 


up the structure or beach. It is also important to note whether oncoming | af | 

i waves break upon the structure or upon the beach in front of the structure. A on tae 
The up- -rush of waves which break | upon the beach in front of a structure must oe 
be considered and computed as breaking on a composite slope an and not a con- ¥ 
tinuous slope. Composite slopes will be discussed later. 


. From the studies of the Waterways Experiment Station, (13) it can be “shown a 
mena rather er that the has wey little, if any, effect on wave 


fromf run- up as ein the waves break upon the structure, see Fig. 6. “This has 


\ralltf also been evidenced by the tests conducted at the Beach Erosion Send (19) It - 
ed. FF should definitely not be ‘concluded that the depth, D, has no effect on the run- 
im- up because it plays a vital role insofar as it affects the wave characteristics. 


4 
he same series of tests by the Waterways Experiment Station andthe 
| Beach Erosion Board measured the up-rush on impermeable structures with 
varying slopes for given wave conditions. The results indicated that the up- 
tush is = viene to the slope. This is also illustrated in Fig. | 


From the aforementioned relationships—Eqs. (14), (15), (16), and(17)—the 


ratio of the up-rush to the oncoming wave height can be written as a function 
of the previously d determined dimensionless parameters follows: 
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Figure Ratio of wave up-rush to wave height for varying 

beach slopes and water depths, data from 
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Surging Waves. —wnen (% less than tan a, _ the oncoming w waves 


will ‘not break on the but will surge up the 
this case, it has been shown that the reflecting power is greater than one half. 4 

Large Ee of energy are no ~~. dissipated by breaking, ‘but additional ey 


a 1 to approximately three times the wave height at sea. 


is equal to max> ax, 100 per cent reflection will occur. th this 
a there is no breaking of the wave, the up-rush on a vertical s structure can be 


interesting to note that, according to the theory of Miche, (8) an 
nation of 45 Gogress is capable of ae 100 per cent of most incident m : 


4 
The data of Granthem(12) and Sibul(15) s show this ‘to be aj approximately 
true. For surging waves, there generally is a decrease in the “up-rt -rush with a 
decreasing values of 7, for structures with slopes steeper than one half. ‘This a 
can be seen in Fig. 7, wherein experimental data of Granthem is depicted. 
It is well known that, as the slopes decrease, the amount of energy dissi- hs 


pated by friction becomes increasingly great. _ For a given slope, there is "ae i 
range of s where the \ value of [isa maximum, after which | the ratio 

will ¢ decrease with decreasing v: eats ‘a Yo- In the ‘Sees Erosion Board t tests, r 
the maximum value of = was 3 approximately five, and this was for weet ad 

ven 


steepnesses that had slight practical applications | except in considering oe Tak Ee 
Waves. For slopes of tan a less than one | half, the ratio — will increase se slight- a 


a little less enn tano a; the r ratio will then level off 

al at its maximum value; and, , finally — will decrease with eee values of 7 

Yo. This is clearly seen in Fig. 8. SP mee 


7. The characteristica of storm waves are generally such that Yq > .05; oe J 


r for values’ of 


that for steep slopes of u e ha o of = may be 
2 p pes of a equal to or greater than 45 the ratio. ° may be 


he 


up is not immedi 
iately decreased, a 
, and tests show that the run- 
oon (4 
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| 
a 
4 
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(21) 
‘(21) to compute the 


° = 45° slope 
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ad Te Ratio of wave re to wave heights for surging waves 
vaaving vatses of #2, ante from Grantnen 


Composite Slopes and Berms.—It is seldom possible to design protective 
“Works with continuous slopes. More often than not, it is advisable—for engi- 


a neering and economic reasons—to utilize composite slopes or berms, see € 


Fig. 9. New construction in England has made much use of the berm—excelle 
‘M _ examples ; are the Pitt Level and Dymchurch : sea walls. . However, the Dutch — 
were the first to make use of a berm on the seaward side of a sea wall and 
) “they have successfully continued to do so for years. In The Netherlands after 
the 1953 storm flood, two sections of a dike were observed, one with a wide 
a berm and the other with a narrower berm, which had been exposed to the sam 
: _ Wave attack. The section with the wide berm stood intact, whereas the sect 


_ it is the purpose of this portion of the discussion to analyze up- -rush on smoo 
_ Composite Slopes—A composite structure | isa simplified case wie a berm 
here the wave up- rush is on the second slope and, as a conse-— 


of necessary, and the monies available. The slope should be so 


esigned that all a waves will break on it; that is, a> iy * To insure 


— 
— 
— 
— 
the 
— 
7 
— 
— 4 te required to resist wave attack under all conditions, it is desirable to design | = 
q mu 
7 has 


——— 


smoot 

erm 


R = tan 


ratio of wave up-rus sh to wave me for varying — 

; the waves striking th the slope ij, the break in slope sins a a composite eon. r 

‘structure should be at the highest expected water level. if the slope ig is less 


a reduction in wave up-rush will occur. curve 2 versus — 


wi _ 203 12 


Analysis o of the tests of the Station the Beach 
Erosion Board clearly indicates that the foregoing statement 
a. _ Whenever the water level is well below. the break in slope, the wave up- 
7 yesh can be computed by Eq. (25). . If the storm water level should be tn 


| _ above the break in slope so that the waves break on the upper slope, the wave ng 


_ Up-rush can be computed by Eq. , (26). _ For proper design, the break in slope 
composite structures and the berm height in berm -type structures should 
? be at the highest expected storm water level. This design will give the maxi- : 
mum dissipation of energy with the minimum construction costs. Bruun(16) | 
stated, “Experiments with varying» height proved th that the berm, 
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Figure 9. res. 
especially when roughened, gave the least reflection when it was satiated e the = 
oT same height | as or a little higher than the highest water level. -” Dutch al &§ 7 
_ The break in slope on a composite structure causes a further er of 
wave energy over that expected with continuous slopes by creating additional — 
turbulence. _ The amount of turbulence created depends | upon the angle 


+ tana, 


ona composite slope whe when ‘the level is at the in is = 


(27) 


where s is a function of (ay — 

special case where Oly equals ag, Eq. (27) becomes identical with ‘Eq. 


With reference to Fig. 10, curves were fitted by eye through the plotted § | 
: points in accordance with Eq. (27). _ The obtained values of S were 0.9 for ' 
= 1:3 to 1:6 and 0:8 for slopes 1:3 to 1:10 and 1:10 to 1:3. It is most 


 _— to note that the up-rush equation for the Waterways Experiment 


‘Station data on a composite structure of 1:3 to 1:10 was exactly the same as c. ia 
7 that for the Beach Erosion Board data on a composite structure of 1:10 to 1:3. + 
_ This fact is extremely important, because, if the offshore conditions are such 
that the wave will definitely | break u upon the lesser slope, a great savings in { bees 

= material can be effected. This is illustrated in Fig. 11, where the cross- §& 1 

_ hatched area represents the savings in material gained by using a ai1:10to1:3 8 5 

‘composite structure instead of a 1:3 to 1:10 structure. 
_ Berms.—Whenever local conditions are such that it is impractical to extend 
wl the upper slope, ig, of a composite structure so that all the oncoming wave © ¢ p 
energy is dissipated on this slope, it is necessary to resort to the use of a _ _ 
third slope, ig, to retain the wave up-rush, see Fig. 9. This triple- sloped , 

_ structure is called a berm-type structure and the intermediary slope, ig, ie. a 
a "defined as the berm. The berm slope e should be e relatively. flat, and, as pre- | 
viously discussed, the break in slope between ij and ig should be at the 
expected storm water level. There has been much discussion in past years 
; = about what the berm width, B, , should be and to 0 what extent a berm reduces the 
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gained wy te use e of a 10 to 1 1:3 ‘composite 
over 1:3 to 1:10 composite structure 


Ss Laboratory : at Delft suggests that = is reduced by the factor 


"Station to determine the t up-rush on berm-type structures revealed some very 
_ interesting facts. . The data contained in Fig. 12, is for a structure where iy 
is 1:3, ig is 1:20, and ig is 1:3, and the oncoming waves were such that they 
_ broke on slope i,. . The wave heights and periods were kept constant, the only ~ 
variable being the berm width, which had values of 30, 50, and 70 feet. The 


graphical analysis of Fig. 12 shows a reduction in wave up-rush with increas- 
ing values off - The wave lengths were not ¢ constant for each wave type gener- 


ated, but they not vary appreciably. The average values es of 


‘ L 
for berm widths of 30, 50, and 70 feet. 

= ‘The up-rush for the berm with the - ratio of .43 was the same as for a 
composite slope of 1:3 to 1: :20 computed | by Eq. (27) with han: 8 value of 0. 8. The 


warrant the berm-type construction. Many more laboratory tests will have 


be before facts be ascertained, but it may be said 


generally that the berm width should be such that is greater thas than 20 


ig is one factor which needs clarification. The experi- 
a ments of Bruun have shown that ig is relatively unimportant. In a series of 
tests performed at the Laboratorie Dauphinois in Grenoble on a model of the 
North Kent sea wall in n England, the optimum : solution arrived at after | per- - & 
— what was probably the most exhaustive model study up to that time of 4 
the effects of berms, ‘composite slopes, and the | use of artificial eee on “7 


‘reduction | in up- ee for sii = ratio of. .18 was not appreciable enough to a 


a or a steep slope (1:3 or 1:2) at the termination of the berm creates additional 


oi) turbulence with the result that additional energy is dissipated. No ) satisfactory 
quantitative solutions can be given at this time as to the effect and design af = 

ig slope. — laboratory are necessary. 
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Le a ‘It is not ‘difficult to visualize the — economy that may b be obtained under 
5 


certain conditions by the use of a berm. Berms are not cure- -alls, but, when 


used judiciously, they can save a great deal of material and 

To illustrate the choice of type of structure to use in 


f protective works, the following example is given. Utilizing the analyses of the 
‘ results of the Waterways Experiment Station data shown in Fig. 12 and Eqs. 
and (27), the wave up-rush has been computed for three berm- -type 
- structures, a composite slope structure, and a continuous slope structure. i 
&@g o| ‘Each structure was designed to prevent overtopping by a twelve-foot- -high, six; 
E + second-period wave. The storm water level was assumed to be five feet above 
_ i _ mean water level. The crown of the structure was designed eleven feet wide 
4’ iz and the land slope was 1:2.5. 5. The res results of the analyses are shown in in q 
op ~The > composite slope has the lowest crest elevation but requires the most 
ia has | the  Aemaee: crest elevation. Surprisingly, the composite slope "why either 
— < Ripe. largest or the least cross- -sectional area, depending on whether the slopes 
local problem. For instance, “quite e often local inhabitants do not want a 
i 7 ae that will cut off a pleasant view of the water, in which case the de~ 
signer might have to resort to the structure with the lowest crest elevation. | 


were A: 33 to 1:20 or 1:20 to 1 3. The actual choice of design depends on the 


_ approximately the same wave up-rush and, therefore, the minimum crest ele- 

‘vation. . In other words, a four-foot-high vertical wall at the end of the 10 ~foot} 
. wide berm had the same effect in reducing wwe up-rush as 76 feet of ad- 43 
aw “a is interesting to note that the steeper nbibiesainl slope compared very 
favorably with the berm-type structures. However, up to this time only 

smooth impermeable slopes have been discussed. In the next two sections it 
will be shown that the slope of the structure is very | important when consider- 


lig, 2 the oe of wave energy caused by roughness and permeability. 


a ‘the turbulence and that this | dissipates energy. oO structures have been q 
; : Bs incorporating roughness in an attempt to reduce the wave up-rush—some 
= 


have been successful and others have not. At the present time, not enough 
data is available to make quantitative statements, but experience | can be drawi 
to give some qualitative hints. 
biiepe The turbulence caused by the roughness elements eens shear. = 
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“Much experimental work has been to | determine the spacing 
_ of artificial roughness in tne form of blocks wnicn will give the maximum 


dissipation of energy. - With reference to Fig. 13, Johnson(17) has shown that 
when—= 4, the maximum roughness coefficient is when-=12. 
Very li little is known about the ratio of roughness height, a, to ye ‘geet 7 
= 


Bruun(16) has recommended using is that — is 3 to 4. 
S It is of greatest importance that the roughness is of a size large enough to be 


“felt. ” In the experiments on the North Kent Sea Wall, conducted by the Labo- 
ratorie Dauphinois it was found that artificial roughness placed according to 
a the results of Johnson decreased overtopping appreciably. It was proven in 
this case that small step-type roughness did not decrease the run-up to a 
great extent. A step-type roughness does not decrease the reflection, although 
it affects the run-up by the ratio of the step height to the wave height. 
_ Miche(8) has analyzed the velocity of a particle of water along the bottom | 
as an unbroken wave ae up an infinite incline. He found | that aa: at 2 
sin & 


the following table shows relative values of a 
Table 


‘There will be a much greater of energy by roughness ona a gentle 


ot? velocities and, if roughness is to be used, it is much more effective on a gentlehi 
slope. _ The use of roughness on a berm of sufficient width would undoubtedly — 

be of great aid in reducing up-rush. But, because of the complex nature of the Be 

ee, it is highly recommended that any design incorporating artificial s 


een is expensive and may be of dubious usefulness, capt ts under 
quantitative effects of small can be obtained by 
recent tests conducted at the Beach Erosion Board on beaches of varying Pe 
types of sand and uniform stone. . In these tests, a layer ¢ of sand was placed on 
-aconcrete incline and wave tests were this way, although 
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-Bpreaking waves, s, where 


there. was sand roughness, there was no permeability. C if 

by thé formula 


This equation is equivalent to that for an impermeable 2 smooth s orn e multiplied 
by a roughness factor (r). _ Table 6 gives the sand size, , slope, and corraspone- — all 


of were from the Beach Ex Erosion tests. 
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| Blue St 


ven in Table 6, ‘it is obvious that the s slope of a pro- a 
ective structure or a beach plays an important part in the effect of roughness. | 
Sibul(15) has used an artificial roughness with a Manning (n) of 0. 13 on slopes ~ 
of 1:2 and 1:3. Although this roughness" 


Site 


Elopes. Thus, roughness on steeper slopes ha has less effect on the wave 
rush. This statement is somewhat in variance with the opinion of see, 


a onan 3 but it can be further substantiated from the information contained in an ex- 
r particle ellent study of the Reflection of Solitary Waves (18) by Caldwell. ft . Plate 13 alll 


on a gentle 
loubtedly 


ture of the Benergy absorbed is "the same even “though the median diameter of rock ‘in the 3 7 


ificial 
icial 


ptructure varies sixteen times. In this test, the porosity of each size of rock 

was the same, however, the energy absorbed increased with ¢ decreasing 


fie 
_ Actually, the only types 0 of structures that have roughness and ag ‘g 
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rying 7 pi<ments. To facilitate the design of such structures, extensive research =, — 
; placed on necessary to compute the roughness factors for the various types of roughness — - ae 


us to the last major method by which the energy of an onco ning 


— 


ng 
wave is dissipated— —heat generated due to the mixing in the voids of a permea- 


_ ble structure. The author has concluded that permeability plays a much more 


vital role in dissipating energy than ; roughness does. . Although it is possible 
“to have roughness without permeability, it is not possible to have any degree 
of permeability in a protective structure without some roughness. ~~ 
a Laboratory investigations of wave up-rush show a tremendous reduction in 
run-up when porous structures are used. This can be seen in the work of | 
_Granthem. (12) The work of Caldwell(18) is also interesting in this respect, 
although it is concerned with reflection of a solitary wave. Caldwell shows? 
that the per cent of wave energy absorbed by the structure varies linearly wit 
the porosity up to values of porosity of 50 per cent, at which time, 90 per cen 
of the wave energy is absorbed. He also shows that the thickness of the 
- structure is of importance in the absorption of wave energy. Fora vertical 
_ permeable sea wall, he finds that there is no further absorption of of incident © 


wave e energy for values of ¥ >2,1 where © is the wall iden divided by the 
The > reduction in wave up- rush 1 attributed to roughness and permeability 
ee be determined from the tests of the Beach Erosion Board. As previous); 
explained, the effect of roughness alone was obtained by placing granular _ 
beach material in a thin layer on a concrete slope . The effect of roughness 
and permeability together 1 was obtained by eliminating the concrete base and 
constructing the whole slope of the granular material. _ The author found that 
the ratio of wave up-rush to wave height for waves breaking on a rough and 


_ Porous continuous slope could again be determined by the general- -type formu 


where (r), roughness factor, the effect of roughness 
the porosity factor, indicates the effect t of permeability. 
aa The fact that in Eqs. (31) and (32) the ratio of wave up-rush to wave e height 


iq 


we 


_ varies directly with the roughness factor (r) or the roughness factor and the j t 


factor (r)(p) appears to over- simplify a complex phenomena. -How- 
i =. _ ever, actual results indicate that this is the case, as can be seen in Fig. 14, { 
where the experimental data follows very curve 

oil have calculated the reduction of wave ave up- rush attributed to Pe sees ani 
porosity from the Beach Erosion Board data and listed the values of ee 


-.. Note the great effect of permeability when blue ‘stone is used. It is unfortu 
vag nate that I do not have the actual porosities of the materials used, but it was 
a visually apparent that the blue stone had a much greater porosity than the © , 
run-up was reduced 54 per cent due to permeability ‘alone. 
ixaie From the one value available to me on the 1:30 ‘slope, it appears. that the 
of wave up- due to is on lesser 
‘This is is to 
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base and  Bitergaent values of ¢ 1 for a continuous rough permeable beach slope o 


ype There is no doubt that a reduces wave up-rush 
_[iHowever, extreme caution should be exercised when considering the use of a 
(32/§porous material, because such material is subject to wave attack and the uplift — i 
pressures" caused by receding waves . In Holland, the author has seen huge > — 
rocks which had been lifted out of place by uplift pressures. Again, in @g 
England, the author | has seen the force of a wave striking a rubble sea wall a 


—s ear it apart. ‘The s stability of a rubblemound breakwater or porous sé sea wall 
pplould be tested inthe laboratory. 


_ How | It may be many years before systematic laboratory investigations w will give 
ae onclusive quantitative results concerning the actual effects: of various types ae 


= 


‘nee a pf construction material on wave up-rush. As previously stated, it is unusual— 
except in concrete block or step-type artificial roughness —to find a roughened 
39) structure without porosity. Therefore, the roughness factor (r) and the porosi- 
om factor (p) can be combined into a single reduction factor 


= 


sit he ratio = theoretically should be a function of tan tan 


It is unfortiy lformula for computing the wave up-rush ona continuous slope 
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Porosity factors for varying mek, sizes and beach art ; 
computed from data of the Beach ‘Erosion Board- 2 
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Slope 1:30 
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wie, 


material in dissipating the oncoming wave energy. - The most effective ma- 
_ terial is that which has the least reduction factor. Tame 7 shows that the re 
duction factor for blue stone on a 1:10 slope is 0: 38. This demonstrates that 
blue stone on the 1:10 slope reduced the wave up- rush 62 per cent over wha# 
would have been on a smooth impermeable slope; consequently it was highly 
effective. The results of laboratory tests indicate that the up-rush of surgi ; 
_ waves is reduced by roughness and permeability in the same ratio as the up- 
of breaking waves; that is, by the reduction factor,@. 
by the past few years, the tetrapod design of the SS Dauphinois hi 
_ become very popular in Europe | for harbor breakwaters. tetrapods 


= 


. “present a very rough surface and have a porosity, according to Waterways 


4 any size, and, therefore, in any weight, , and ‘because of their interlocking | 
Beene — example was given in Table 4 illustrating the types of structures which 
can b be used in the design of shore re protective works. It was seen that al: 3 

is a s slope s structure compared favorably with a 70-foot-wide berm-typ 
structure when both structures had impermeable slopes. From the dis- _ 
. cussions of the effects of roughness and permeability on the dissipation of 
energy, it should be realized that not only will an appreciable reduction in up 
a — occur with the use of rough and permeable structures—thus conserving 
. | = and material—but that the effects of roughness and permeability ; are- 


Be most | sree in reducing wave up- -rush on gentle sloping structures. 2 
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f Thus whenever rough, porous material 1s used in the construction of shore 
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; “The conclusions expressed in this paper have been arrived at by analyses ~ 
of hydraulic laboratory model tests. ‘There is always the possibility of scale 
-etect when utilizing model results. Furthermore, the waves utilized were 
——- generated, as opposed to wind-generated waves which one en- | 
- counters in nature. Consequently, there was no variation in wave attack such 
as is found in nature due to the diversity of waves that make up a wave train, 
5 For design purposes, the wave characteristics utilized in this paper may b be 


4 


_ Research on the subject matter is continuing; much of it is being conducted 
_ with wind-generated waves and large-scale wave tanks. It is the opinionof _ 
the author that many of the concepts discussed in this paper are fundamental <é 
and will not re derived constants may change in large- ~scale model | 
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‘3. The wave up- -rush on a sloped can be 


computed by the equation tat 
2.3 
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tive ma- i 

over what 4. For surging storm waves, the wave /up-rush to be used for oe : 


TT 5 The wave up- -rush o1 on composite slopes where t the ‘storm water is at th 
break in can be computed by the equation 

nstructed i = (Fa) » 
tures which 
hat a will ‘reduce wave up- “rush. The berm width shoul 

pation of | ‘The u use of a vertical wall at the ‘termination of the berm has proven 
uction in up} satisfactory in dissipating energy. 
conserving | e 7. Artificial roughness is much more effective on gentle slopes" than on ome 


pility are 
ctures. 


¢ steep slopes. _ The roughness reduces the wave up- -rush on a continuous — 
ld 
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features of the design of coastal protective structures were discussed. | 
33 1 If at all possible, wave reflection should be kept to a minimum. _ 
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8. The general formula for cx computing the wave up-rush_ on a porous, 
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ora | similar- -type material, are ideal material 


: __ Application of of Results to Central and Southern Florida Project 


‘The the Lake Okeechobee is currently of great interest 


io to the Office of the Chief of Engineers. The author understands that the re- — 
7 a design of the levees contemplates the use of an impervious continuous slope 
om of 1:3 or less or a composite impervious slope of approximately 1:10 to 1:3. 
_ The wave steepnesses of storm waves in shallow water are generally greater 
_ than one one twenty-fi .04. . The critical slope is defined 
so that for the design slopes contemplated and the wave 
the waves will break upon the levees. Therefore, the wave up-rush can be © 
_ computed by either Eq. (21) or Eq. (27) 
ae: Fig. 15, which has been taken from the publication “Waves and Wind Tides 
7 in Shallow Lakes and Reservoirs”(3) shows that a very good approximation of — 
relationship between the — > significant wave e height 
can be by the 


=— 


1 
4 
, using an S value of 0.9 ; “Gg 


jubstitution of (36) i int 


— The author believes that hat the values of wave ‘up-) rush computed by the use of 
¢ Eqs. (37) and (38) can be sa safely used as a basis in the redesign of the levees 


_at Lake Okeechobee. A canyon factor, @, should be applied to the values ‘ 


obtained from Eqs. 5. (37) and (38) if other than im ervious slo es are ae 
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ELECTRIC ANALOG MODEL OF A TIDAL ESTUARY 
A. Einstein,! F, ASCE and James A. Harder, 2M.ASCE 


- Five | hundred miles of f channel in the the Delta Region, California, now ‘subject 
to sea water encroachment, may be protected by salinity barriers and _ oooh 
7 ‘master levee system. An electric analog model developed at the University | , 


ations t to the hydraulic 


a position in the geography of Califoraia, ‘since it lies between the 
i relatively arid San Joaquin Valley to the South and the Sacramento River Valley 4 
to the north, which has a developable surplus of water. The California Water | iy aa 
‘Plan, a twenty-five to fifty year blueprint for development o of the state’s 
r water resources, envisions that a substantial amount of water will eventually ae i 
_ be transported southward across this general area. At the present time, the 2 a 
divert. 4 ,500 second feet of water from the southern 1 rim m of the Region to the Sy ih. 
. area west of Fresno, about a hundred miles further south. Eventually this rate 
7 will be e tripled, by the installation of additional plants, to serve areas as far — 
The entire region, embracing some 730 square miles, was at one time oan 
= extensive marshy area where the two principal rivers draining the inland a 


“ valley of California joined before they emptied into a series of bays and thence 
; ‘through the Golden Gate to -~ ocean. _ The peat soils of the region have proved © 


; or : Discussion open until February 1, 1960. To extend the closing date one month, e 


part of the copyrighted Journal of the Waterways and Harbors Division, Proceedings 
the American Society of Civil Engineers, V Vol. 85, ww 3, 1959. 


Prof. of Hydr. Eng., Univ. of Calif, Berkeley, 
Asst. Prof. of ‘Hydr. Eng., Univ. of Calif, Berkeley 
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very fertile when drained, and practically the a region has been reclaimed 


into fifty or so islands, nearly all of which lie about ten feet below sea level. 


In the process of reclaiming the land, some five hundred miles of sloughs an and 


channels were left, so that at the present time one definitely gets the first _ 


jmpression: of a vast maze of waterways lacing the area. 


first sight, this maze of waterways would appear to an deat 


_ ‘means of bringing additional water southward, with perhaps only localim- _ 
provements needed to enlarge the channel 1 capacities. A more | detailed ‘exami 
a nation, however, reveals a number of complicating circumstances. . One is ‘that 
a sea level channel to Stockton, on the eastern rim, must be maintained. The 
natural summer flow of the streams tributary to that region is not s sufficient — ; 
to repel all of the saline water which is moved by tidal mixing action in the | 
channels leading from San Francisco Bay. Furthermore, the summer flow of 
the San Joaquin River contributes further to the ‘Salt content of the area, since 
Y serves as the agricultural sewer of the northern | part of the San Joaquin — * 
_ These adverse salinity effects are being controlled to a certain extent at. 
the present time as a part of the Bureau of Reclamation operation | of the a 
Central Valley Project. Good quality water is released steadily throughout the 
r summer from Shasta Reservoir on the Sacramento River in the northern part = 
of the state. The flow is ‘scheduled to maintain a steady flushing action in a 
a channels —— from the Delta Region westward to the ocean. A flow ae the 


_ the future, however, this water will | be required for higher uses, and it — 
- will be necessary to segregate and prevent commingling g of the higher quality 
- conserved water from the northern part of the state with the lower quality, | 
higher salinity water that now enters the Delta Region from the sea and from 
agricultural drainage. The accomplishment of this task will involve ‘major 
: changes in the channel ‘system and consequent alterations in the pattern of the ; 
tides in those channels which are still open to the > influence o! of the sea. Al- 


though the details of a | practical plan for the Delta are still being worked ot 
rs by engineers of the California Department of Water Resources, several definite 

i‘ . Salinity barriers will be placed in the upper parts of the ‘Sacramento ad 


3 _ River System so that the major part of flood flows from the Sacramento 
_ Valley can continue to pass unimpeded from the Yolo bypass through the 
| cons ead oe Sacramento, and into Suisun Bay (see map). Surplus water from 
La - 2 the northern part of the state, Ueiaae | by the > Sacramento River, will be 


es 2. " Diverted fresh water will be passed under the Stockton Deep Water 
4 nyt: Channel by inverted syphons; the shipping channel will be isolated from © 
‘the fresh water channels and will be open to the sea. It will continue to 


ox serve as a floodway and as a drain for ‘poor or quality irrigation return 


.: Bria. - Major floodways will be isolated from the secondary channels by a 
master levee system. ‘This will substantially reduce the number of 
_- miles of levee which must be maintained and will remove most of nn 4 
as secondary channels from the influence of tidal action. The latter will 
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a standpoint, these changes are and normally. 
one would not proceed very far with any plans involving such changes without By 
_ first making a model study. A particularly | cogent reason is that the — os 
_ duction of barriers in a tidal system can easily result ina resonant ampli-— — 
cation of the tide at the barrier and downstream from it. However, inthe A 
present instance a reasonably | scaled hydraulic model would by very expensive — .—CU ae 
canes of its sheer size. At a horizontal scale of a thousand to one, which wie i 4 
the scale used by the Corps of Engineers for the San Francisco Bay model, _ 
i the area covered would be about four hundred feet square and would equal that — 


7 of three football fields. Such a model would have to include not only the Delta 
. Region proper, but also the entire San Francisco Bay, because it is necessary — a 


_ that reflected waves due to the tide be allowed to traverse the entire system — Bi 
_ from the ocean outlet to the farthest upstream area of interest. The model — 
" must be constructed with the same scale factors throughout, and represent 
Hf with the same scale the 4 million c.f.s. peak tidal flow at the Golden | Gate and 
Ls flows as small as one thousand c.f.s. in some of the upstream channels. a ‘an 
he It was with this problem and with a severely limited budget of time and ad 
money that the State Department of Water Resources approached a staff 
_ member at the University of California in Berkeley to see if there was any 
chance of finding analytic solutions. In a previous study, two members of the | 
_ University staff had made a series of analytic calculations for the prediction — mt 
en tidal amplitudes below various proposed barriers in San Francisco Bay 
_ proper. (1) However, the geometry of the upstream channels is so complicated Be. 
by branching that no analytic treatment seems possible. Instead, the staff a 
—_— suggested that an electric analog model might give some of the “a a 
answers needed for a relatively small cost, and that some work along these 
lines was already being done in the Hydraulics Laboratory. After further con- 
Sultation, a service agreement was made with the the con- 


Part IIl— ~The Electric Analog 


model, of ar another when it is s governed to 2 a satisfactory degree 
- approximation by the same equations as is its prototype. In this sense, a hy- 

- draulic model is an analog of the full scale structure it represents; and in 

_ furthermore the electric analog | models to be described below bear a remarka-_ 
ble resemblance, in their adjustment and operation, to hydraulic models. The 
term analog models is used to avoid a confusion with analog computers, , which 2 

machines for directly solving ordinary differential equations. 

_ From a slightly less fundamental standpoint, it can be said that two systems 

are analogous when we observe the same kinds of action in each. | Thus a very 

F long wire can transmit electric waves along its length in a fashion very simi- _ 

lar to the way a long canal will transmit a train of long period waves along a 
length; furthermore, at the open end of the wire the wave is reflected in the a: be, 
om: way as at the closed end of a canal. 
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| MODEL 
In this ex example the ; action is ‘the same, but the equations are only the same 
to a first approximation. In order to make the best use of such an analog for a 
the study of hydraulic systems, the fundamental equations must be examined — 
to see in which ways they are similar, and in which ways they differ. | al 


dissipated; if the electric “circuits can be altered in this regard to to correspond 

more closely to the hydraulic system, it can be shown that it is possible to oa 
neglect some of the other differences, or to at least make corrections ae 
4 One difference is that in a canal the momentum depends on the depth as ee 
well as the flow rate whereas the corresponding property of an electrical yaa 
‘circuit, the strength of a magnetic field, depends only on the electrical — 
current. . The practical effect is that a type of non-linearity which distorts e. 
tide-induced waves is not present in the electric analog. Its magnitude de- 
pends on the wave-amplitude to depth ratio. - However, in those cases where «© 
this ratio becomes appreciable, the friction has usually increased to the point — 
where it predominates over even the linear portion of the inertia, so that from 
a practical standpoint the most important | non- n-linearity for el flows ws and 

_ The friction, like the inertia, depends on the water . depth. _ Furthermore, a 
since there is only an electric analog quantity for discharge, and none for ve- — 
locity, its value must be expressed in terms of the discharge before conversion 
into electrical terms. If q is the discharge per unit width and y is the water 
depth, the friction slope | is given iven by an arrangement of of the the Chezy e equation | a } 


This shows (by the absolute value notation that the sign of the slope is rh 
such that the flow is opposed, and that there is a strong dependence on the LP, 
water depth. The quadratic form, apart from intensifying the friction = 
regions of high flows, introduces a symmetrical distortion to the waves. a 
a out the dependence on depth, the distortion would affect positive and negative 

parts of the wave equally, generally “ clipping” the maximum flow peaks. — 
§ However, for progressive waves, an upstream flow is associated with ae 
depths and ebb > flows with smaller depths. Even if the discharge and surface 
displacement are not exactly. in phase (phase is here defined as the relative 
displacement of the maxima), there will be a net reduction in the friction for 
upstream flows, while downstream (ebb) flows encounter increased friction. a 
Lacking a an exit for flows at the e upstream end, : a compensating increase in the - 
average water level will occur with distance upstream. This is observed as iu 
an increase in the “tidal plane” elevation and is found in estuaries whether 

The overwhelming importance of the friction contribution to the a 
characteristics of the hydraulic system led us to develop a special electrical _ 
unit which simultaneously simulates the square-law characteristic and the 
— dependence of the friction. This battery operated transistor circuit is a 
\described in more detail in Appendix I; it operates for cur rent flow in | each ie q 
direction, and is relatively simple. ~ Over twenty were built for incorporation i 


4 


_ A third way in which the two ) systems differ is that the properties of the | 
electrical transmission line must be lumped into discrete elements of a aye 
_ Bductance, resistance, and capacitance. That is, the river channels must be | 
= B broken into reaches, each of which are then simulated by a set of electrical 
be #F elements. i these reaches are too short, there is a a waste of effort in ane 
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artifically ; ‘relative to the lower. - Of more importance, long before the higher fF 
oe frequencies are seriously attenuated they suffer a phase shift which is not § 
correctly r related to that of the lower frequencies. Amore extensive 
a treatment of the errors due to the above-mentioned non- -linearities 3 may be 
‘found in reference 2. _ The errors due to lumping are treated in Appendix IL. : 
A fourth point is that there is no electrical equivalent of kinetic energy and 
thus no way to include the V2/2g t term in the equation of motion. The magni- 
tude of this term relative to that of the temporal acceleration is given by the 
7 _ Froude Number, and is thus small in most tidal snare y partial remedy 
; for finding the actual depth at a given point is to compute Vs 2/2¢ and to correc 
the indicated water surface elevation by this amount. This will lead to a @ 
change in the cross sectional area, but this introduces only a second coal 
.. In spite » of the above list of differences, it has proved possible to obtain re- 
i waa from the analog closely duplicating the existing flows in the Delta. What 
3 is indicated is that the operation of an analog model requires at least as great 
a knowledge of hydraulics as does the operation of a regular hydraulic model. 
7 In the latter most of the above-mentioned difficulties are painlessly looked a 
after by the model itself, but in the case of the analog the operator - must under 
take this responsibility. He must be able to abstract the properties of the © 
- hydraulic system and translate them into electrical terms, and vice-versa. § 
_ On the whole, however, there is a striking similarity between hydraulic modeg 
- and analog models, from the standpoint of construction and operation, that 


‘Analog and Hydraulic Models Compared 


‘The steps: taken | in the Delta Analog Study paralleled in many ways those 
3 in a more conventional investigation, and perhaps it will be helpful in 


a. explaining the newer method to compare it wherever possible with the more 
familiar. _ The first step in each case is to gather sufficient information about 
the prototype channels so that they can be duplicated in the laboratory—in the 

 - instance in the form of miniature channels, and in the other in the form 
of suitable electric circuit elements. _ 
_ The technique of constructing a reduced scale model of the prototype _ 
channels is straightforward, if somewhat laborious. _ Usually a considerable 
amount of bottom detail is included, and perhaps it is only in this way that 
some details of the flow, , such as velocity distributions, can be enn Fr 


& & & 


cates the wave transmission characteristics of the “channels and gives. only the 
velocity averaged over the cross sections. 
a Preliminary to the construction of the analog model the prototype channels 
must be divided into reaches within which the cross section does" not change 
— too much and which are short enough for the purposes of the investigation. af 
_ For the investigation of tidal flows, this length is about five miles, and for — 
= waves it can be twenty - -five miles or more. | The wave transmission a 
characteristics of this reach depend on the average cross sectional area, 1, the 
_ water surface area, and the friction. — ‘The first two are obtained from field 
data, : as in the case of hydraulic 1 models, but | the friction must sometimes be 
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ANALOG | MODEL 
iif In the construction of the Delta Analog, we iii the electrical 


components for each channel reach into a small plug-in unit. Each contains eC 


variable inductor, a variable resistor for use in introducing linearized ‘a he 


— , that must | be used, are well described elsewhere (see for cxainglé refer- 
eace 3 or 4) so that it is sufficient to remark that the value of capacity is di- 
rectly proportional to the water surface area, and the inductance is related to ; 
the cross sectional area and the length of the reach. _ The plug-in units are ¥¢ a 
adjusted to the indicated values of inductance and capacitance on a special test _ 

panel, and the resistance is set according to the best estimates of the friction. is 4 ; 

resistance value is further adjusted in the verification or when 

_ The sockets to receive these units are installed on a large table, and a 

interconnected by wiring on the under side. After the adjustment of the plug- 

in units they are inserted in their sockets and the analog is ready for the 

ie In a hydravlic model, the corresponding steps are the physical construction on 
of the model channels. - If the model has been built to an exaggerated — 
scale, as is usually the case, the model friction must be increased in the _ 
same proportion and this is often done by inserting copper strips into the jaa 
bottom. . In the process of verification, these strips can be bent down, aa 

straightened up, until the tides of some historical period are satisfactorily = — 

duplicated. During the verification stage of the operation of an analog model, © ro. ui 

the friction is adjusted in a similar way, , except that the adjustment is done fee 

with a screwdriver on the individual units. At this point the hydraulic model 


is in most instances ready for the active phase of the investigation, but one vs ics 


| termination. _ Although it is not always possible to determine at first the 
} correct amount to exclude, if the correct value is chosen , the velocity of wave : 
propagation in the prototype channel will be duplicated in the analog. =... 


additional verification step is usually necessary in the case of the analog, to ee 
insure that the correct cross sectional areas have been introduced. in - 
ductance value should be proportional to the length divided by the average - 

cross sectional area, , or more correctly t the square of the length divided by a i 


total volume of water in the reach. The part of the volume contained in shoal 
areas that does not contribute appreciably to the inertia, because of its ~ 


velocity and isolation from the main stream, should be excluded from the de- 


_ The results of one verification run are given on the next page. _ The ampli-— i 
tude (peak to trough) and phase (time lag) of the tide in the channels leading ag 
from the Golden Gate to Sacramento, a distance of one hundred ‘miles, are Pie 
shown by the circled points. , These measurements were made on the neap 
tides of September 13, 14, 1 954, for which good records are available. ble. The J 
Tesults from the analog are marked with squares. 
_ Tidal amplitude could be measured to 0.05 foot on the analog and time to 
the nearest 10 minutes. _ The field data are determined to about the same od eee 
accuracy; nearly all of the discrepancies are explained in this way. The » analog ff 
measurements of tidal plane elevations were too low by 0.25 foot at the junction j 
of the two rivers; this is accounted for by the salinity gradient. We could ; find — 
no correlation between the daily variations of the tidal plane there and wind e = 


‘direction and velocity : at Berkeley, ie miles to the southwest. 
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Fig. 2. Tidal amplitude in the Sacramento River from the 
ees Gate to the city of Sacramento. Circles represent prototype — 
data; squares ‘represent results from the model. 


Both tides and mowing tides were simulated; the corresponding voltage 


_ waveforms were generated at low power level and then i introduced at a point 
_ corresponding to the bar outside of the Golden Gate by 2 a low output impedence 
amplifier. _ The neap tides were represented by a 5000 cycle per second sine 
7 wave, and the spring tides were generated with a photo follower - masked _ 
4 cathode ray tube device. . There does not seem to be very much similarity ' to 
_ hydraulic models here, but the combination of float actuated pumps and cam 
‘ operated surface elevation controls used in hydraulic models is actually a : 
a servo- mechanism with feedback, and corresponds in a theoretical way to our 
use of heavy feedback to insure a low output impedence for the tide waveform 
In other ways, too, there are theoretical similarities. When it is desired 
. to terminate a hydraulic model at an upstream point, an artificial impedence — 
is introduced in the form of some kind of energy dissipator plus basin storage. 
er combinations of resistive and reactive impedence can be used ag an 
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ANALOG MODEL 


The electronic equipment for measuring amplitudes, flows, time 


vals in the analog were specially ¢ designed. All links in the » measuring chain 
were direct-coupled, allowing the steady state value of voltage or current to 
measured together with the alternating, or tidal, fluctuations: Thus a zero, 


4 level could be fixed on the cathode » ray tube display and the absolute value of - 4 


‘Two probes were used in obtaining infor mation; each could b be switchedto 
; measure either current or r voltage, | and further switching - allowed anytwoof 
Bthese four quantities to be displayed simultaneously (except that no provision y 
Bwas made for simultaneous current measurements). . Furthermore, by the use 
of a calibrated delay line, the phase difference or time lag between the two 
gg _ ‘The two selected signals were combined in an electronic chopper and ap 
peared together on an oscilloscope screen, where amplitudes could be scaled 
_ Fifrom the graticule. The system was calibrated frequently by. applying known 
Evoltages (from secondary standard mercurous chloride cells) to the probes; 
thus the accuracy was not dependent on the gain stability of the electronic 
system, though this was surprisingly good. bas 
Since the Department of Water Se has not completed their Salinity 


Barrier investigation, ‘it would be premature to indicate at this place the actu- 
al results of the study, as well as their engineering significance. It may be ot m 
most interesting to the reader on the ee to see what kind of results _ 


One of the most important questions to be answered by the analog is that of : 


+ 
predicting tidal elevations if the channel system is changed by barriers placed ems ; 
into various channel sections, by cut- -offs s between channels, by enlargement of = j 

individual channel sections or by any combination of such changes. Simul-— aa 
taneously, the flow velocities are obtained from which it is hoped that the ex- a 
tent of the expected salinity intrusions may be derived. . It has become very 
Clear from the past results that a barrier does not always reduce the tidal 
prism, but often may cause the tidal flow to be reflected back into the channel — 
system, locally increasing the tidal heights. Such reflections must be reduced 
oa minimum by the proper location of the barriers. 
IR Similarly, the opening of channels may increase the tidal effects in some 
places, reducing them simultaneously in other sections. The analog is here 

_ g™ extremely valuable tool in balancing these effects: such that undesirable in 
creases of tidal heights n may be prevented =? in the final plan and in the | = s 


9 stages of construction, 


| At the present time the analog has been moved to Sacramento, where the 
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State of Water Resources plans to use it ina of 


The Transistorized Lew 
the. a new | type ot: square- -law resistor was 


vhich should allow a in the technique of applying electric 
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its features are listed here: 


om . For a given voltage drop, the current can be adjusted over a range in ja partic 
fe excess of twenty to one. _ This allows the same type of unit to be used tapin Fig. 1 
simulate large and small channels. _ power fu 

.s For each setting, the voltage drop bears a square- law r relationship to f orresp 
the current except for small values of current. This the vargin the ci 
ation of energy loss with discharge in open c channels. ‘function 

_ For a given voltage drop, the current can ane be made : a ore of thpimporta 

voltage existing between the unit and ground. simulates the vari- pcurve ar 
 - of discharge, for a . given water surface slope, with water r depth. an be u 
i The units are small, operate indefinitely from self-contained batteries wer ar 


The f ti 
4 mie For steady flow, the discharge in an open channel, according to the Mannimg 
4 formula, is related to the water surface slope, S, the cross sectional area : _ The t 


and the Tadius R, in the following way: the tran 
Qs 


ost tra 


Wherein n a Manning roughness coefficient. Assuming n to be ci constant 8 of the 

for a given channel section, the factors ——— /3 can be represented a8 ifeurrent. 
function of the Z horizontal datum; the equation can “Wher 


‘Similarly, ‘the i, in unit, can be pad limi 


nm by the following formula relating it to the the voltage e above je gigene and the 3 Piect o1 


volta e drop, Ae, across the unit paried o 


relationships ca can be in 1 two ways a given 
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_ the general form shown in Fig. =A, , where Zo is the elevation of the channel 4 
ere: Fiottom and So and Sq are two different values of the slope. Alternatively, for bea 
» in Japarticular elevation, the discharge-slope relationship takes the form shown Br | 
sed t in Fig. I - 2. The function F can be approximated, over a limited range, by a a 


- power function of z; the exponent is about 1.5 for ‘many natural channels. The sok | 
> to orresponding function f depends on the characteristics of the transistor used 

e vari the circuit (to be described below), but in general, ‘its approximate power a ey &g 
 Bfunction has an exponent somewhat smaller than 1.5. This is usually of little 
of thgimportance, however, for there is an adjustment available for the slope of the * . 
vari- pourve and the magnitude of the current at the operating point. Together they q 3 
pth. can be used to superimpose the curve representing f on that representing an a. an 
ert over a reasonable range when the ordinate and abcissa scales have been ane = # 
altered according to the i to ond e to z. This 


is shown wn by t the dotted line in Fig. I 

ea A. ine hes basic characteristics of the : square-law resistor depend on those of “a 


+ _ fhe transistor employed. _ Although all trafisistors have somewhat similar es 
“4 characteristics, discussion will be centered on those of Sylvania type 2N229, 
which proved to be entirely adequate and, in addition, to be the lowest- 
ost transistor on the market at the user net price of $0.75. This transistor i 
8 of the type n.p. n., in which the electrons flow from | the emitter towards th the sm 
oa pollector. _A third electrode, the base, receives a small percentage of this alis — 


asi current. These currents and the transistor nomenclature are shown 


een 


‘When an external voltage, Ae, is applied between the terminals such that A 
Fe is more positive than A, a current, ic, will flow from the emitter towards the ae 
(1 dllector. Its dependence on Ae is similar to the dependence of Q on slope 
— shown in Fig. I - 4 2. ‘The current, ip, », shown as being induced by the battery 
press bid limited by the resistor rj, is only about 4% of ic, but it has a pronounced 
re a Bifect on the latter. Actually, for a given value of Ae, the current nt icc can be am 
_ ‘Baried over a range of fifty to one by varying ip over a similar range, — : 
3 r ta lower magnitude. It should be noted that in this arrangement, the current — 

(3 


rough resistor and not flow in any external 
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Ifa resistor rg is is connected the base and as shown in 


Fig. I - 4, an additional current will flow out from the base towards ground jj f 

“the voltage e at the emitter is negative. As before, the current i, . will be cog 

. ‘trolled by the base current which now depends on e and rg as well as on the 

a 3 ‘battery and rj. The condenser is practically a short circuit at the rou 

a . —*? Now it can be seen that by adjusting r; and ro and holding Ae fixed, 

a current i, can be made to depend relatively more or less on changes in e or 
on the fixed current supplied by the battery. Practically, this means that bog 

_ the slope and the current values can be set at the operating point shown in 

Fig. I- 3. In any of these adjustments, it is almost imperative to be able to 

examine the characteristic curves in their entirety. This can be done with; 
transistor characteristic curve tracer or circu 


infor 


“An artificial, or transmission consists a a of 

* inductance-capacitance elements in the following configuration (resistance if 

i not often large in those instances of interest to electrical engineers, eat iti 

_ included here | because of its increased importance in | analog circuits). 


_ _If the transfer constant 6 is a pure imaginary of the form jn, n is the phase§ 

7 q shift in radians per unit length of line and there is no dissipation. In terms! 
_ the inductance and capacitance per unit length of line, n has the value uw 

_ Where resistance is important, . is introduced through the dissipation fact 
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important effects of lumping channel properties are shown by taking 
the linear properties into account. Then the equivalent electrical circ 
be used together with well-known relationships from electrical engineere 
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‘Here values of L, C, and R are of this and | mie 

xed, thee etc. If the number of elements per unit length is increased without limit and _ i 
mn) €or at the same time the values of L, C, and R per element are reduced in pro- 
that bol portion, n approaches sero zero while the transfer unit length 


jn 

is the correct expression for a distributed-constant line, 
the analogofahydraulic channel, 
Returning to (2), if ny is small, but not zero, an approximation can be - oe 
by expanding the inverse hyperbolic tangent in an infinite series and then ex- LP. 


panding each binomial with the binomial theorum. If terms on the — of 


a Comparing (3) with (4), we see that the effect of a finite nq is given vie: et: 
te # second term in the bracket. Here A@ is the transfer constant per element and 3 
ny = wy the value for this element. If there are k elements it ‘wave- 
length” such that kA@ = = jknj = 27, it can be seen that to a first approximation - 
(neglecting dg) ny is 27/k. _ Thus : k = 8, such that there are 8 8 sections ions per 
the error introduced for zero is: 
error can be compensated for by reducing the values of L,C,andRbythe | 
same amount; but if f the : signal contains harmonics, they will | be affected differ- 
ently because of the frequency dependence of n, and the wave will be distorted | 
due to the lumping process. Using expression 5 for the highest harmonic nic of — 
interest, | ‘k can be selected to limit oe mit the error to a tolerable value. ef ol rhea 
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WA TERWAYS AND HARBORS DIVISION 
"Proceedings of the. American Society of Civil Engineers 


BREAKWATER. AT CITY, CALIFORNIA 


‘The outer breakwater a at Crescent City, iniciatens in 1 1957, used tetrapods 
as the armor stone for | the last section. Design of the breakwater and place- = 
ment and construction of tetrapods provided engineering and construction prob- 7 


lems of an unusual nature since this was the first use of tetrapods in the Unit- 


ed States. The storm of April 1958 approached design standards; only ‘minor a oy 


The outer at Crescent a on the wester- 

ly ¢ side of the city 3,670 feet southeasterly and then continues easterly for an- 
other 1 ,000 feet for a total length of 4,670 feet. (Fig. 1). . The ¢ difficulties en- = 
countered in constructing the breakwater and the conditions leading to the use e 
of tetrapods fc for construction of a part of the “dogleg” section hi have been de- 
scribed in a previous paper | in 1954. () In that paper, it was pointed out that nae 
the average size armor stone required to complete the breakwater was twelve . 
tons. An increasing shortage of this size stone made it necessary to investi- ae 


gate the possibilities of alternatives for armor stone. . The last 560 feet of the = a 
1957 ‘utilizing tetrapods. This paper describes the design criteria 2 and some 
of the methods and ecko involved in n constructing this structure. — 
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The was he the NEYPRIC_ Laboratories 


Grenoble, France. . It may be described as an integrally cast 4-arm 
= any two arms of which form an angle equal to that formed by any other 


1957 


two arms. The arms are shaped as truncated ¢ cones and are joined to a cen- . 


tralcore. (Fig-2), Kal 


breakwater 


+ 


elif. 


blocks show that one of the most destructive forces to which maritime struc- | 
tures are subjected is a hydrostatic uplift pressure developed within the struc-_ 
when a wave recedes from it. Also it has been demonstrated that the destruc- 
tive action of this uplift pressure could be greatly reduced if the structure eal is 
designed: to permit a rapid drainage of the water from under the facing blocks. © 
_ The tetrapod shape was found to be effective in this respect because the high 2 
& _ degree of permeability of a mound composed of these units permits a rapid iP 
= of hydrostatic pressure within the mound and that outside of the t 
Pag Tetrapod facings also provide a high degree of roughness and tend to dissi- 
e pate the wave energy into turbulent flow paths which « oppose each other in the oh 
interstices of the facing. The reduction in wave energy in turn reduces the : 
- amount of overtopping and wave reflection from the structure. The shape i:  &§ 
the tetrapod is such that adjacent blocks key into one another and with their at : 
low centers of gravity provides a very stable facing on relatively steep slopes. 
Use of steep slopes permits a reduction in the quantity of rock fill required © 
for | the core of the structure and also requires less concrete than most other 
_ A license was granted to the United States by the NEYPRIC Laboratories 
to use tetrapods at Crescent City. Prior to granting this license, the % ~ehe 
NEYPRIC Laboratories suggested that one of their engineers, Mr. Marcel H. 
_ Marty, visit the United States to discuss t basic ic principles vu used by the French 
ba _ In using tetrapods for breakwater noustenition Mr. Marty indicated that the 
design criteria had been generally adopted: 


ir Model tests by NEYPRIC Laboratories of the effect of waves on artificial 


™ FIG 1 - Crescent City, C 
rom seaward side 


View of completed 


a. The weight of tetrapods used is ; dependent upon the design wave to which be | ; 
they will be subjected. tiie tart | 
be The seaward slope used is 1 on 1- 1/3 regardless of the tetrapod | si, 
and two layers of tetrapods are normally used. 
_ ¢. The intermediate stone layers on the ocean side between the core and 
the tetrapods are designed to be as pervious as possible. The minimum = 
weight of stone placed immediately below the tetrapods should be one-tenth 
_ of the weight of the tetrapods. The minimum stone weight in the succeeding © 
lower layers should be bee -twentieth of the weight of of the stone of the layer Ane 
q d. ‘Tetrapods ihvnatinrt are ‘not t placed on the crest or on 1 the harbor a 
@ Tetrapods require a backing s such asa concrete cap or cut ‘masonry 
_ f. NEYPRIC assumes 50 percent voids in determining the number of tetra- 
pods required on the ocean cl | ate 
4 g- Tetrapods should be founded on a stone mattress if the bottom is sand; qi 
__ if the bottom is rock, the tetrapods may extend tothe bottom. 
_ It was emphasized by Mr. Marty that each breakwater must be designed on a i 
an individual basis in which all factors and problems applicable | to the ee 
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. observations at the outer breakwater. During the three-year period 1936-1938 a 


ETRAPOU 


estimates indicated that a 25- ton tetrapod section constructed on a 1 on l- 


: “the Bo stone to provide a very pervious section and thus ‘diminish the — 


Because the Waterways Experiment Station of the Corps of Engineers, lo- 


cated at Vicksburg, Mississippi, has conducted numerous experiments to de- a ! 
‘aathin the relationship between the size of tetrapods, slope of a 
he 


: and other factors pertinent to breakwater design, Mr. R. Y. Hudson, of the _ 


‘ Experiment Station, | participated in the design discussion and presented the | 

5 current findings from model analysis. (2) Between the criteria suggested by 
the French and the experimental data gathered by the Waterways Experiment * 

a design was worked out for the extension of the breakwater at Cres- 

_ The design wave height was developed utilizing data from hindcast analyses — ae 
by the Scripps Institution of Oceanography of wave conditions at on offshore . 
station located approximately 80 miles northwest of Crescent City, and wave a o : 


short period waves from the southwest ranging from 15 to 20 feet in height ii, ; at it 
occurred at average frequency of .53 days per year. Recent storm wave meas- 
urements have substantiated this frequency and range. . Wave refraction dia- ¥ 
_ grams show wave convergence at the breakwater, indicating a need fora high- ws ali 
er design wave. In view of this data, plus the high cost of mobili: zing construc- “ 
tion equipment at Crescent City, a 23-foot - Seca wave was selected for | the aa 
oe preliminary design of the breakwater, using model data developed by the | 
‘Waterways Experiment Station, indicated that a 15-tontetrapodonalon2 
seaward slope would probably meet all the criteria for the 23 feet design wave a 


with the exception of that at the end section. Because the tetrapods at the end 
‘section would not be backed up by a concrete cap, a 25-ton tetrapod on a 1 on 

Ps -1/ 3 slope was proposed. In this area the ravelling has to be resisted by the my, 
weight of the tetrapod and the interlocking action. Since preliminary cost oe 


& 


_ As noted in the cross-section, two layers of | tetrapods would be placed on a 


the wave action. The relatively impervious section through the core and 
the concrete cap precludes uplift pressures on the harbor side. Ravelling | of 
the harbor side by overtopping waves is resisted by the A stone. 
_ The following table describes — limitations of weight of stone in the vari- at, 
Failte 


Tetrapod forms used on this were of steel 
» in two piec pieces composed of a top and bottom, each weighing approximately 
3,400 and 3,200 pounds respectively. Seven sets of these forms were used; 
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requires a a 9- -man crew approximately three sania of an hour to p pour. Total 
pouring time for seven tetrapods was approximately 5 1/2 hours. The balance: ki 
of the 8-hour ‘shift was used to remove ; and clean forms and to transport cur ed o: af 
tetrapods toa storage area. No. reinforcing was used in the tetrapods <n a 
in the Crescent City harbor project. _ Utilizing reasonable care, breakage waS 
to a minimum and reinforcing was not ‘necessary. 


Pion one-half of which was required for ‘manufacturing and curing of tetra- 
pods and the remainder for a storage a area. a. (See ‘Figs. 4 and 5). The casting 
circular track system for mounting a traveling Gentry crane. = | 

a ‘The aggregates were obtained from a commercial gravel producer on the | 
4 Smith River approximately 10 miles from the casting yard. Coarse aggregates : 


ee were natural river gravel. It was necessary to add blending sand and cement | 


_ J} mill flue dust to correct a deficiency in fines in the river deposits. ie a 
a Concrete mix by weight used in the manufacture of tetrapods was as follows: &§ 
Portland cement, Type. 

Coarse aggregate No. 4- inches 

ae oe Coarse aggregate 3/4 inch to 1 1/2 inches _ 

Coarse aggregate 1 1/2 inches to 3 inches 4 

ie The water cement ratio was 4.65 gallons per sack; the air content 3.7 per-_ 
© — B cent, and slump of the design mix was 3 inches. An air- eee agent was 

‘oun in the tetrapod forms in lifts approximately 20 inches 


deep and each lift was thoroughly vibrated before placing the next one. f To a) 

prevent segregation concrete was conveyed to the lower parts of the forms = : 

arubber “elephant trunk”. Vibration was accomplished with a 6-inch pneu- . 


matic vibrator manually operated from inside the forms. . Care was taken to 
insure that the concrete was well vibrated down into the e outer ‘ends and along 7 
the top surfaces of the lower legs, as these points were found to be most com- 
mon areas where | honeycombing and rock pockets occurred. 
Without using an accelerator in the concrete the top forms were permitted ; 
to be removed in 18 hours and the tetrapods lifted out of the bottom forms - 
five days. With 7 top and 35 bottom forms available, 35 tetrapods» were cast — a) 
ina 5- -day work week. At the start of the job the tetrapods | were cured with = ue 
water for a period of 14 days; however, because of the local shortage of water a 
and the difficulty of keeping the undersides and ends of the lower legs contin- a 
uously wet, curing with a membrane curing compound was later permitted. 
This compound was applied as soon as the forms were removed and care was 
taken to assure that the membrane was not broken during the curing period. ® 
Because of difficulties encountered at the beginning of the job the contractor >: pan 
fell behind schedule. To correct this situation, the contractor was permitted — 


to use a one percent calcium chloride accelerator in the concrete, , thus pe Fi 


mitting the top forms to be removed in 8 hours and the bottom forms in 60 
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accelerator was reduced to 7 days. Twenty-eight- day tests of ‘the « compres- 
_ strength of concrete manufactured with the accelerator averaged approx- 


ime 4, 000 inch. 


the breakwater, the D stone or quarry run was trom 
| “trucks 3 into a skip and then placed by a Manitowac #4500 crane. After the D * 
a) stone was built up to the required height for a lineal distance of about 50 feet, 
a... layer of C stone was placed. The C stone was also dumped into a skip and 
: _ placed by crane. | Next in n order, B, stone was placed on the harbor slope and 
crest section and Bg stone on the crest section and seaward slope. Subsequent- 
i ay the A stone was built ns to sea level on the harbor ‘slope. _ Above that ~— = 


At Crescent City this was provided by a 22-foot wide, 10-foot deep edecrehe 
my rosie cap. (See ‘Fig. 6). To prevent concrete from entering the porous lay- 
er underneath the cap, the top of the Bg stone under layer was sealed by chink- 
sing with a selected grade of D stone. The vertical face of the cap on the : sea- 
’ ward side was provided by a heavy timber form. After placing B, stone be-9 
: _ tween the timber form and the A stone, the cap was poured, using a transit- 
-mix concrete grout which was well vibrated into the B, stone so as to provide 
my the required 10-foot thickness of cap. Concrete in the cap contained 2 perce 
x calcium: chloride as an accelerator. The poured the cap in two 


out on the freshly poured : cap within meee: days and construct the b base for the 
The last items to be placed were the tetrapods. The three lower 
23 rows were placed first, then the two outermost top rows, and thereafter alter- 
nating lower and top rows. In order to prevent ravelling during placing the | 
a tetrapods were placed so that the last one in each row was set back from the 
end tetrapod in the preceding row. Following the advice of the French engi- 
_ ‘neers, more tetrapods v were placed in the upper layer ' than in the lower layer; 
; approximate distribution was 40 percent in the lower layer | and 60 percent 
in the upper layer. Two advantages were anticipated from this method of _ 
_ placement: (@) in the event the lower layer did not fully cover the rock area, 
aie ‘dense upper layer was sure to fill any gaps and protect all of the underlying 
Be stone; and (2) interlocking between the two layers was improved as the 
¢ dense upper layer tended to ‘wedge into the spaces between units of the lower — 
layer and form a tightly consolidated mass. 


a ie experience gained on this project indicates that as — as care is taken 


pe any gaps in the cover, it is not 1 necessary to spend too ‘much time in “7 
positioning individual tetrapods, as their shape tends to cause them to automat§ 
- ically interlock. _ Furthermore, it was noted that frequently the placing of high- 
er rows of tetrapods caused a consolidation in the lower rows and that the § 
first storms completed this consolidation, 
A double layer of placed ona 1 to side slope to Oa height of 


«4 
4 
4 
: 
— 
— 
7 ag an 8-hour shift, approximately 70 tetrapods could be placed. Once operations eh 
‘ =e were stabilized, it was possible to construct approximately 25 feet of break- ae 
= including cap and tetrapods, in 10 working days. 
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one of the lower legs and a a connecting ng cable Rvcerves ng horizontally around the top —— ? 


vertical leg. (Fig. 7). One eye of the lower cable sling was connected toa — = 
quick releasing hook, wiich was operated by a line that extended from the hook ge 
release to the crane load line. As both ends of this load line were connected md 
to a hoisting drum, the release was accomplished by taking up on nal ine that hat oy 


- The breakwater section included in this contract had a length ‘of 560 feet. 
It required 121,000 tons of stone, and 1 »836 tetrapods. During the first season 
250° feet of breakwater were ‘constructed. A wrap- -around ¥ was constructed 


were used in this wrap-around with the intent that many of these could be sal- 4 


| vaged when construction was resumed in the spring. - Approximately 70 tetra- a 


4 pods were ‘salvaged and re- -used in the breakwater construction. In future con- Bic \ 
5 struction of this type it is recommended that consideration be given to the ue ¥ 

of armor stone rather than tetrapods for the interim wrap-around section. It _ a 
fis believed. that in many instances stone would prove less expensive for the | 
B wrap- -around section and might be easier to consolidate in the breakwater — 
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storms in the Crescent City area during the 1956- -57 "were 


relatively mild; ‘no wave effect in the breakwater r was noticeable. Storms 


during April 195 958 | that approached the design wave e height. It is believed that fe ae 
bod last season’ s storms gave a fair test for tetrapod construction. In gen- i 


Band some movement of the tetrapods occurred. _ This end section at Crescent q 
‘§City is exposed to direct wave action from the open sea. (Fig. 8). The waves 
it from a oni direction tends to move the tetrapods 


ig vee; however, at the very end of the structure a small amount of settlement _ = 
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 Tetrapods have proved a satisfactory substitute for armor stone in ee con 
“struction of the Crescent City breakwater. Use of tetrapods resulted from a eS 
lack of adequate size stone within economic hauling distance. Future construc-_ 
tion and repair of breakwaters along the west coast of the United States should 
consider the costs of using tetrapods or other fabricated armor facings in re. 
lation to available quarried rock. Major factors that affect these costs areas 


of head of 


follows: 


t 


d. method of placement - barge or 
Jt is noted that breakwater construction at Crescent City required relat silane. 


ee ly large quarried stone (A, B, and By, 1 stone) in addition to tetrapods. By mod- be 
ification of the design, construction could have been accomplished substituting 
tetrapods for this stone. However, since adequate quantities of the proper s size : 
“limit were available from existing nearby quarries it proved less costly to ae 
limit the use of tetrapods to the seaward armor face only. Ih some areas it pi 
will probably be economical to use less quarried stone and more fabricated 
elements, and it is conceivable that on all tetrapod or fabricated stone break- ie 


| be the for certain areas where rock is non- -existent. 
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A BREASTING DOLPHIN FOR BERTHING SUPERTANKERS —— 


‘John M. A.M. ASCE and F. 


The a flexible dolphin for  bertning 100,000 ton 
| secenaiaane in deep-water locations is presented. | The application of a poy 
gravity type fender system is described and energy absorption qualities of — 
both dolphin and fender system are discussed. Design criteria and sample 


The authors a design for a dolphin type breasting 
“using high tensile steel cylinders, and capable | of resisting the berthing forces 
of 100,000 ton supertankers in semiexposed locations. _ The application of a . 
gravity type fender system is described and the additional energy absorption 
qualities resulting from its use are discussed. Design criteria and sample 


energy calculations are included as a guide to be used in apencine baa sien. all 


With the advent of supertankers having in excess of 100 1,000 


tons and drawing more than 40 40 feet of f water, the port and harbor engineer is” ie 
faced with the problem of providing improved structures for berthing facili- | 
| ties. Few existing piers have a depth of water alongside adequate for ships ma, 
Discussion open until February 1, 1960. To the closing ‘month, 
"written request must be filed with the Executive Secretary, ASCE. Paper 2175is be 


me part of the copyrighted Journal of the Waterways and Harbors Division, ges ¥ = 
i of the American Society of Civil Engineers, Vol. 85, No. ww 3, September, 1959. i 
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a dredging of the bottom to /40 feet below mean low water without jeopardizing — 


@ pn require in most cases the costly dredging of deep draft channels to provide 


ts 40 § foot draft. Furthermore, few piers have been constructed to support the 


the stability of the pier. Finally, the inland location of existing facilities will f 


It is generally accepted by most in the area waterfront 

: structures that the best solution to this supertanker berthing problem is an 
island type structure, constructed in off- -shore, deep water locations and fitted 
- out with transfer facilities and pipe line connections to storage fields. In ad- 
dition to providing mooring facilities, each such island type installation must 


ing forces, but also to absorb the energies of) wave and weather action on 
a dolphin type structure consisting of four steel cylinders and an energy 
absorbing gravity fender system is presented as an economical breasting fa- 
cility. —iItis considered that varied combinations of breasting dolphins with — 
separate piers or floating structures carrying the required transfer and pump 
ing equipment may be adapted to meet site conditions. 


of absorbing normal berthing forces of a supertanker class vessel, as we well as 


_ Displacement of Ship 135,000 gross tons 


Angle of Approach with Face Ris ‘baa were 


It is ; considered that the ‘speed of two knots at an angle o of 10 daarens 3 with 


:- duce : a resultant velocity normal to the berth equal to 0.588 feet per second. — 

be a of impact of the ship with the berth, i inch tons 


The ‘tota isp acement of the ship, in gross tons fa 


= The coy of po perpendicular to the berth, in feet per 


— 
aq ‘Desipn Criteria nave Deen assulieu sucn that the structure will be capable 
4 a Ol excessive Weatner r Se 
Po 4 ae . area. The possibility of further growth of ships’ characteristics has also _ | 
— 
a Energy Calculations 
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wind, tide 
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second. 


a: the hull shape, the elastic deformation in the vessel, the character- 


istics of the pier construction, and similar factors. For purposes of this a 3 


that 35 per cent of the potential energy of impact is dissipated, leaving 65 per 


| cent of the total berthing forces to be absorbed by the pier. a no — 
abe 


135 coo x . 12 inch gr oss tons * 6350 


ae. The basic structural element is a 48 inch diameter high- tensile steel cylin- 7 


der, having a maximum wall thickness of 1- -1/2 inches. The breasting dolphin 
consists of four such cylinders, “spaced 40 feet on centers and inter- -connected — 
5 by a frame, brace and waler system as shown in plan on Plate 1. Dimensions — 
if of the frame members are variable to provide a platform of the desired width, 
‘ Brackets are attached to the walers at 10 feet intervals to. support a fender 
system along each side of the dolphin, and eight sets of brackets are installed 
each of the curved ends to support the end fenders. 


4 This structure provides an absorbing unit 120 feet 


a ‘ee mooring lines. The necessity of anchor buoys and their location for bow 
2 and stern lines : is considered optional as site conditions may dictate. These 


_ conventional anchor buoys are not included in the —* asa component of — 


the oreasting dolphin structure. 


Dolphin Cylinder Desig n 

The moment of inertia a 48 inch diameter cylinder with a 


ot 1-1/2 inches is 59,300 inches, * a and the section modulus is equal to 2, 70 


a For design purposes, it was — that the 120 feet long cylinders | were 


es driven in water having a depth of 50 feet, and the point of fixity was assumed 
to occur 20 feet below the mud line. It is recognized that this point of fixity — 
may vary according to the characteristics of the soil. It was further assumed — 
. that the point of application of the berthing forces is 10 feet above mean low ‘i 
water, giving an effective cantilevered beam length of 80 feet. As a result of e 
ie the load distributing characteristics of the brace and waler af ‘it may be by 


Se load and each of the end cylinders are assumed to carry the remaining 4 


Pe _ Considering each cylinder asa cantilevered beam having a yield point of 
50 ,000 psi, a section modulus of 2 wane cubic inches, and the load applied at 
distance of 10 feet above m wee 


dizing | a 
‘ovide 
walla 
xposed § utilizing the facility, may be combined to protect the piers or floating = — if 
et _ structures supporting the pumping and transfer equipment. Bollards are in- ie 
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and the ‘maximum 1 value is compute 


=2 50,000 = K, or 65 tons 


in ‘Eq. (1. 
the. 


th the total energy absorption capacity of 
— total energy absorption capacity of four cylinders will then be # 860 
inch tons, , leaving 3 3,490 additional inch tons of impact energy to be absorbed. _ 
A fender ‘system having \ energy absorption characteristics is considered the = nt 
most economical means of providing additional energy absorption in ar 
structure. After considering the various gravity and resilient type fenders, 2d 
an adagistion of the retractable fender system as developed ; at the New York ; 
Naval Shipyard(1) was selected. Not only does this fender provide protection _ 2 
for berthing ships, but also provides the additional l energy a absorption quniitins 


thet fender system is based on a gravity principle but 

| additional energy absorption qualities as a result of friction between the eal 

. and the e brackets. Recognizing the need for a fender system Cz capable | of re 

-tracting: as much as twenty inches, certain modifications were made to the 

original retractable fender system design, 

ee The first major modification involved the ‘linking of sections of the fender 

| - system, instead of providing a continuous fender system. _ This linking pro- det 
_ vides a chain-like system in which resistance to movement increases pro-- =: 

- portionately with the number of sections retracted, and therefore, in direct sa 

Proportion to the acting force. second major modification involved a 
Msign of the bracket system. Instead of using fabricated plate brackets at- 3 

ae to the pier, a ‘System of | angles welded as shown on Plate 2 was adopted. a 
These modifications while preserving the basic principle of the retractable fl fo 
fender system, contribute greatly to the construction procedures, and facilitate z 

The amount of outside force required to move the fender EERE and upward : 

is « directly proportional to the weight of the fender, the angle of inclination of oe 
the sliding surface and the coefficient of friction of the sliding surfaces. s 
free diagram of the supporting pin be to 


onl 
or 
123 = 22 inches by 
ig 
; 
- 
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eben this boay it may be seen that in for a body of weight 
Ww to be moved inward and up the inclined plane by the horizontal force P, the 
component (P cos A) must be greater than (W sin A + F) where F is the | 4 
force equal t f (P sin A + W cos 
= Assuming an angle of inclination of 45 « degrees 3 and a factor of friction of 
ae ‘steel on steel of f = = .30, the horizontal force P required to move the weight W 
must be greater than 1.85 W. Further, assuming the factor of friction of steel 


on steel as the value of P of inclination be 


A particular advantage derived from the use of the retractable fender — 

: ‘system in this | design is the dissipation ofa large amount of kinetic energy q 

through friction. As a result of this dissipation, the potential energy of the — 
Ha i _ system in its retracted position i is less than 54 per cent of the energy absorb 
: energy is dissipated by friction in the descent of the fender. ‘This eliminates 

ad - the need for protection of the ship upon the 1 return of the fender to: its | 

i ‘It may y be seen that a force équal to ities twice the weight of the fender is 


= to move the fender ¢ over a a surface inclined at 45 | degrees. " . This ail 
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If each section of the fender was independent, when the acting force ” eae 
equalled 1.85 W the fender would move under a constant force. However, _ if a 
the sections are linked together the adjacent sections will impose increasing — 
resistance to the movement , requiring a proportionate increase in the acting _ -— 
force to obtain the movement. This condition will continue until the various « 
sections come in contact with the vessel, thus applying a direct force to each . — 
_ For purposes of determining the amount of energy | absorbed by the fender, © 
it may be considered that each unit is moved individually and uniformly from 
| the beginning to the end of the travel. Thus, the total energy absorbed _— the 


fender may be considered to be: Pars 


where W is the total weight of the fender and d the distance of travel « oe re- 


traction of the fender. 


Substituting in Eq. (1. 06) it | it becomes evident that in order to wave mm 


fender ‘ capable of supplying 3 »490 inch 1 tons of energy absorption, i it will be 


necessary to provide a fender of approximately 100 tons retracting a distance 
of 20 inches. Six sections, each 20 feet long and weighing over 15 tons each, a 
will provide the necessary weight and are adaptable to the dolphin structure. 
ee As shown in Plate 2, each unit is a rigid frame composed of three walers of 
4 inch, 120 pound I sections connected to two 12 inch, 106 pound wide flange © 

vertical posts. Each post is provided with two 4 inch diameter bearing pins. <a 
Hard wood contact fenders spaced four feet apart, with chocks betweer, are Ag; 
bolted on the outboard flange of the wales. These timbers provide a continuous _ 


ag contact surface between the | tanker and the dolphin. To increase the weight y | 
a okt the fender, precast concrete blocks of about 8 tons total weight for each a ee 
W are placed over the wales and fastened to the posts. 


- Each fender unit is connected to the adjacent unit by three shear connectors 
with slotted holes and 3 inch diameter bolts. ‘The single bolt in a slotted hole 
gives sufficient freedom to each unit for a specified amount of independent er fi 


Energy Absorbed by Fender 


_ The weight of one section of the fender has been computed to be 37 Kips. 


one unit moving a distance of 20 inches is computed to to be: 


races, | E 5x 1,370 inch kips or 685 inch 
aia eS "The six units will give a total energy absorption of 4,110 inch tons. nice og 
Fcalculations do not take into consideration the internal energies that may 
iS = Babsorbed by the deflection of the various wales, fixed and movable, and the 


timbers. It also does not take into consideration the effect of 


energy 
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fthe § The force P required to move one 20 foot section up on the bracket equals” = ; + a 4%. 
ee: — igh the water at various tide conditions. These effects tend ——— 
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oath and a! are be ‘gufficient significa 
passe Considering the free body tations. of the supporting pin (Fig. 1) it may be 
7 “on that the only forces transmitted to the cylinders by the bracket system 


~ oe a force (P sin A + W cos A) is eaeanastinedt to the paver at an an 
_ equal to the angle of inclination of the sliding surface of the bracket. ‘ The 


— The 
he 
| 


4 morizontal ‘component Rh and a vertical component Ry this force may be ex- 


ex 


(P sin A+ Wocos A) sin 


»™ = (P sin A + W cos cos A rn i 


Substituting ng values. of 1. = W for P, and considering A equal to 45 degrees - 


1.42 Wx x 6+ + 25200 foot kips 

and counterclockwise moment My is found to be: 

1.42 Wx x 6 2200 foot kips 

the resultant moment on the dolphin cylinders is 23,000 foot 


at the point of fixity. The horizontal force necessary to cause this moment of © 


144 tons. tons. Thus, Ss, it is ‘evident that the » effective e horizontal force transmitted to 

the structure by an acting force of 205.5 tons (sufficient to retract six cee 
units) is only 144 tons on the cylinders. - This horizontal force of 144 tons . 
would cause a deflection of the cylinders of only 12 inches. __ Aig >} 
_ As noted from Eq. (1.02), the allowable load P for each cylinder is 65 tons. 
Thus; the total horizontal force - required to stress four cylinders to the yield 
point is 260 tons, with a resulting deflection of approximately 22 inches eee 
Therefore, when the fender is in its uppermost position, , and the dolphin has 
deflected only 12 inches , an additional horizontal force of 116 tons would be | 
‘required to deflect the dolphin to its maximum permissible deflection. With | = 
ee fender retracted and the dolphin deflected 12 inches, , the total energy a ab- 


| sorbed by the structure may | be computed to be: 


1 = 205,502) + 205.5 20) = 5343 


= + = 1605, inch tons 


V — 

— 
— 
These two lorces Cause opposite moments on the cylinders the dolphin. ine 
- & moment caused by the horizontal force cantilevered at a distance of 80 feet a 
above the point of fixity acts in a clockwise direction, whereas the moment | na See ee 
_. r caused by the vertical component of the force, applied in this case 7 feet away _ Lo 
from the center line of the cylinders is counterclockwise. Considering the six 
a fender units along one side of the breasting dolphin to be in equilibrium under oe ag (e 4 
; 
_ 
ATE 
ficance 
i= 
may be force of 116 tons for the addition inches deilection wou required. — 


September, 1959 ix. 
The total energy absorption ame ity of the structure is therefore: 


provided with a rigid fendering would have a maxi-p tarts 
mum energy abeorption of only 2860 inch tons. 


retractable fender system on the curved « end of each d dolphin 
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bearing on brackets as shown on Plates 1 1 and 3. 2, Titer sheeting is fastened 
on the outer flange of each wale.  Asiste ni axes 


- Each frame is limited to a 45 degree arc, to facilitate retraction in a ergs 
direction. . The wales of each frame extend greater than 45 degrees to overlap | 
ithe posts of the adjacent frames. . When one frame is under pressure and . 
starts to retract, the overlapping wales force the adjacent frame to follow the 
movement in the same direction. With this arrangement, at least two curved — oe 7 

units will move together, increasing considerably the resistance to the acting 


force. This also avoids the interlocking effect of the frames as as would o other- — 


‘itis assumed that two of the four independent unite will retract for a abe 7 
‘Paistance of 12 inches when struck by a ship. The horizontal force necessary 
| to cause this retraction is equal to 1.85 43) - = 79.5 kips. he ee 
Thus, the fender and the end cylinder are » capable of absorbing approximate- rs q 
ly 2 2380 inch kips from a ship striking the end of the dolphin structure. -_- 7 a 


| 


4 | Application of Flexible Cylinders in Off- -Shore Breasting Piers te: 
_§ By using two lines of cylinders of appropriate section modulus, a pier pod 


B about 60 60 feet width as shown on Plate 4, has designed ‘support 
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self-contained pumping and transter equipment. Agra cushioning of berth 
= forces is effected i by the manner in which the pier framing transmits the — 
load to the cylinders. The load | is first taken up by the line of cylinders near- 
et est to the vessel and then, * when the berthing force is sufficiently large, by the 
_ second line of cylinders at the opposite side of the pier. In this application, — 
the rigid frame of the pier deck is pin connected | to the cylinders with slotted 


_ holes 10 inches long (see Plate 5). With this type of connection the cylinders f- 


line of cylinders will start to deflect; thus: increasing the resistance to the act ; 
ing force and at the samsstime providing a larger safety factor for the entire 


“ed As evidenced t from the preceding discussion a dolphin type breasting | 


Seeder system, as designed, is capable of ap- 
proximately 75 per cent of the berthing energies for a -supertanker | of 135,000 
_ gross tons. The use of a rigid fender in this same design would require cylin: 
ders fanu uneconomical diameter | and increased section moduli 


costs. Furthermore, with a rigid fender system, preseures in excess of 8001 
ss per lineal foot would be exerted on the ships’ hull. ‘The adaptation of 

_ the retractable fender system in this case provided an economical means of 
Bye berthing energies, as well as protecting the ship and the structure. 

_ A further advantage of this system is the dissipation of energies through 

- trietion; thus reducing the potential energy of the fender in the retracted po- 

sition to only approximately half the used to accomplish the dis- 
ea _ The possibility of prefabricating the frame and the fender units prior to. 
e installation provides for a minimum amount of time spent at the construction 
ie site and, therefore, appreciably reduced costs. Maintenance of the fender mij 
_also be accomplished through the replacement of sections or by the ‘removal 

of sections and performance of work on the deck of the pier, inthe dry. __ 
i. The dolphin structure or pier with the retractable fender system installed 
along « each side lends itself to double berthing; that is, simultaneous berthing 
of vessels on opposite sides of the pier. The very design of the structure | 
_ eliminates the transfer of impact from berthing forces on one side of the pier 


toashipmooredonthe other, 


_ This system of a dolphin type structure, or pier, constructed in exposed 
areas and with an adaptation of the retractable fender system installed is con 


sidered to be a practical and economical § solution to the problem of berthing 


supertankers for unloading purposes. 


ae: Proceedings Pap er 1513, January 1958. eines 
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NEW YORK STATE = BARGE CANAL SYSTEM 


Its history, engineering, and its effects on the economy of the State and the _ 


- quarters ofa century ago, at the 1884 annual convention of the ASCE, — 

a score ¢ of prominent engineers, led by Elnathan Sweet, State Engineer of New at 
| York, Participated in a discussion of the New York State Canal question. ; Ps 
that year, the Grand Ole Erie Canal, “Clinton’ s Ditch, ” had paid for itself; it at 
had supported the State Government for many y years; it had brought aifieence, 
prosperity and growth to the State; it had developed business, commerce and pi ay. 
industry in the terminal and intervening cities sot they had developed a and nade 
grown. ‘Yet, at that time, traffic on the canals was languishing. Even though v 

the canals had been improved and enlarged over the original Erie, they were 4 
becoming obsolescent; they were too shallow, too narrow, and I had locks that 


were too small for the trends in the then- -developing steam-engine- propelled 


- Small wonder that, because of the benefits that accrued to the State fr from “a —F 

the Erie Canal and the new trends in transportation, the 1884 annual meeting bi 

of the Society should be devoted to the subject of building a ship canal across a . 
§ New York State and to the whole broad question of inland waterways. . The foe = ie 

canal project that was outlined envisioned a canal which would have a 1 depth of jaye 

18 feet of water, a bottom width of 100 feet, locks 450 feet long by 60 feet wide, _ 

and be so located as to have ac continuous descent from Lake —_ to argiiroat gis 


‘Note: Discussion open until February 1, 1960. T To extend the closing date < one ‘month, a bas 
; written request must be filed with the Executive Secretary, ASCE. Paper 2176 is eo 
| i part of the copyrighted Journal of the Waterways and Harbors Division, Proceedings — 
of the American Society of Civil Engineers, Vol. 85, No. WW 3, September, 1959. _ 
j!. Asst. Supt. of Operation and Maintenance, New York State Dept. of Public 


Works, Div. of Operation and Maintenance, Canals me Flood 
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a tirely in the United States, which would connect the Great Lakes with the | 

or _ That discussion effected no result, except that it did help to mould public i 

tl opinion favorable to inland waterways and was significant in portraying the 

: iq trend of thought, which, many years later, became crystalized in in actual ac- 


cas In the early sixteen hundreds, the Dutch and the | English . established settle- 

ments on the Hudson and Mohawk Rivers. _ The French did likewise on the St. 

Lawrence River and the Great Lakes. Through the early development years 

of our continent and country, the streams and rivers between these on y 


: - early traders and voyageurs proved this area in New York to have the - most 
: favorable conditions for joining by water the Great Lakes and the interior of 
a the country with the Atlantic Ocean that could be found any place along the ~ 
- Atlantic seaboard. _ Here the westerly range of the Alleghany Mountains disap- 
pears as it approaches the Mohawk Valley, and the easterly | range is cut by the 
- ‘Hudson River. George Washington noted the potential wealth of the surround- 
is _ ing country and the feasibility of inland navigation, while traversing this — 
region in 1783 on his grand tour of the State, and remarked that this was the 
_ seat of empire. The “Grand Old Erie” and the enterprise of the early New 
_ York Staters made that prophecy of George Washington come true, , for New 
York State is today the Empire State innmame andin fact. 
- The early water transportation and inland lock-navigation companies made 
use of this trade route. _ The Mohawk was followed to “the carry” near Fort 
_ Stanwix (Rome). _ After the portage, Wood Creek was followed to Oneida Lake, 
oa then the Oneida and Oswego Rivers to Oswego and Lake Ontario. Deeper pene: 
_ in tration into the State by these transport companies was made by way of the e 
oe Seneca and Clyde Rivers and Canandaigua Creek. _ These early transportation 
_ ventures depended on the natural streams and lakes. They failed because the 
sponsors were unsuccessful in taming the rapids, falls and periodic low water] 
in the streams. They succeeded, however, in focusing attention on the feasi- 
bility of developing a water route to the interior of the country, 
The e early inland lock- -navigation companies made use of the natural water. 
an courses except at rapids and waterfalls. Such blocks to navigation were first 
bypassed by portage, and sluiceway and later by locks after they were inventel 
in Europe. . The planners of the Erie Canal decided on the so-called English 


rule of digging : an artificial navigation channel independent of the natural © 


_ The Erie Canal, ‘The First School of Engineering in n America Joo tat 4 
_ When the building of the Erie Canal was begun in 1817, Snes were no con 
tractors as such. The profession of engineering was practically unknown in 
_ America. _ Excavating and earth moving machines were yet to be invented. Ti 
~ only construction equipment available was the pick, lever, spade, whee lbarroy 
& and wagon. The ingenuity of the early canal diggers was demonstrated short} 
? after work began by the manner in which the contractors and work superin- — 
tendents improvised tools and methods to speed up construction. The plow ant 
‘scraper helped to up Cement mor rtar was discovered to 
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ng en- make the locks and strectares stronger and -proof. block and 
“7 fall and a wheeled windlass : speeded up downing of trees and removal of ee ie 
| stumps. Someone discovered that the movements of horses and wagons on 
ublic towpath and berm did a much better job of compacting and stabilizing them <— q 


| ac- . | The foreign engineers, who were asked by the Canal Commissioners to ie 


a 2 | take « on the job of building the Erie Canal refused, even after fantastic salaries tia 7 
“4 i were offered. ‘This resulted in the employment of eminent New York survey- =r 
—— = ors and others of its citizenry to plan and progress the work of building the — d 
settle canals. The State, therefore, calling on her own citizens, , developed, , not only 

the St. canal commissioners, but contractors and —e who, in 1825, in the 7 — 
years. words of Canal Historian, N. E. Whitford, “. . . have built the longest canal in {x7 
at the world in the least time, with the least experience, for the least money, and a ; 


"The to the greatest public benefit. is ve it can rightfully b be said that the Erie 


most § , again quoting Whitford, “. . . the great pioneer work of 
jor of | America, was the first ‘American S of 


ut | the The success story of the Erie Canal 1 like wildfire through the 
rround- § country and the world. 4 A demand for canal- trained engineers was created o = ; 
is _Beven ‘beyond the supply. All engineers, who had a part in the building of the SS ‘te 
as the Erie, were called to “engineer and build” other great works throughout the * 
New country. The younger men trained in canal maintenance and improvements 
oe 5 and passed on to give their talents to the building of railroads. . Thus, the first a 
ee school of engineering—The Grand Old Erie— —graduated the engineers, who lined 
es made § the country with their works of internal improvements. nh eth sonnet - 
‘Fort § It has been sagely queried, said Historian Whitford, ‘. . . whether it was i 
la ‘Lake, the building of the Erie which gave birth to engineering, or did did the spirit of 
per pene engineering, groping for expression, create the canal?” BY 
»f the § In his presidential address before the American Society of Civil Engineer- — 
ortation - in: 1899, Mr. Desmond Fitzgerald recognized the significance of the Erie _ 
ause the § Canal to engineering when he discussed the history of engineering inthis _ 
ow water— country. He divided this history into four periods. These periods he por- 
e feasi- trayed as that | of: Canal agitation and experimentation; canal building; railroad y 


me a building and modern engineering. Mr. Fitzgerald had these periods running ~ cog 


water f respectively from 1785 to 1810, 1810 to 1830, 1830 to 1848, and from 1848 to &g 
‘Traffic on on the obsolescent Erie and New York State Canals was 
languishing. Railroad traffic and rates were zooming upwards. Traffic deals + 4 ‘ 
between railroads, providing for monopoly and rate differentials to Atlantic __ x g 
seaboard cities, was the vogue. Such practices ‘resulted in |increased port a F 
activities in cities like Boston, Providence, Philadelphia, etc., and decreased 
10wn in fin New York City. The State Comptroller and New York business | men were adie - 
nted. Tw alarmed over such practices of the railroads. They recognized that compe compe- 
>e lbarrov§ tition was the only weapon with which such rate deals could be fought. ‘a ; 
2d shortlj§ were gradually reduced and finally abolished and certain improvement work ~ 
perin- hex the obsolescent canals was inaugurated. These actions had their salubrious 
2 plow ail ao in “me Port of New ‘York City 2 and ¢ on n industry and business throughout ie. 


ee 
4 


a 

State, for rz rates were to the reduction in tolls 
and the amount of improvement work performed. 
_ Public opinion was therefore developing for the enlargement and im- a 

provement of the canals. The discussion of the canal question at the 1884 

=—_ meeting of the Society resulted in the New York Board of Trade orga 
 inga State convention to consider permanent improvements to the State water- 
ways. ‘ . “The Union for the Improvement of the Canals of the State of New . 
York” was organized at this convention, which was held in Utica in 1885. ~The 
= “Union” gained strength as it gathered into its membership powerful and influ. 
ential commercial and industrial interests within the State. Union was 

_ instrumental in a great deal of improvement, enlargement and modernizaties 
eal on the canals. It influenced the 1892 Legislature, which authorized the 
election o of delegates to the 1894 Constitutional Convention and stipulated that 

one of the convention duties be ‘. . . consideration of amendments relating to 
the care of improvement of the State 

The decade that followed this Constitutional Convention was charged with 
_ tremendous fervor of canal improvement and enlargement agitation activities. 
Practically the entire Nation got into the game of canal building in New York 
‘State. The State Engineer, Army Engineers, Congress, , professional 
‘Sie, Th promoters—all had ideas on what the canals should be. Studies, 
e - surveys, inv estigations, research, reports and recommendations were crop- 
“5 e3 ping up by the dozens with considerations from enlarging the e canals to the con; 

struction of a 30-fc— t-deep ship canal across the State. 4 


Throughout the discussions and thinking on the canal ineatignss the | emphasis 


ai was S being placed on a ship canal. Much of of such thinking was visionary rather 

- than pr practical. The Rivers and Harbors Act of June 3, 1896, directed the 2 

Corps of Engineers, U. S. Army to make “ .. . accurate examination and esti: 
mate of cost of construction of a ship canal by the most practicable route 

wholly within the United States from the Great Lakes to the navigable waters” 

iy of the Hudson River, of sufficient capacity to transport the tonnage of the lakes 
tie to the sea.” -” This task was given to Colonel Thomas W. Symons, who went 


aa 7. beyond the call of duty < and submitted a report, which included a study of com-§ _ 


parative costs and benefits of a ship canal versus a barge canal. % His recom- 


&, 


= boats of 1,500 ton capacity. Amidst the prevailing confusion on the canal § ( 


/ question, this recommendation appeared as a a to the problem; was re-§ 
ceived with favor; and grew in estimation in time. It can be said that Colonel 
Symons’ report became the basic principle, which influenced the thinking in 
— of a barge canal, and ultimately governed t the State er engineer’s a of 
barge canal across New York State. 

1901 State Engineers’ Report outlined and the 
barge canal siernggl ‘It indicated the canalization of natural streams and lakes 


: id existed, and at locations in 1 streams where the alignment would call for a cut 
i —_ across a river bend. Considered from an engineering standpoint, this this report 
left little little to be be desired. . This report set up the barge canal. ett 5 


- mendation, which was ultimately adopted by the State, called for a barge canal hal 
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ww 3 ‘NEW YORK CANALS 


Political Over Canal Question 


Ally was ‘not amooth sailing, however, e canal idea took hold. 
In 1901, Governor Odell placed the canal problem before the a “oe 7 

2. Shall the canals be enlarged to accommodate 1,000-ton barges a 


_ 3. Shall the ' widening and deepening improvement \ work, begun under the a 


? 
"There followed t two years of bitter controversy. Opponents of the canals — iy 
aere desperately waging a campaign to discredit canals and force -their 
abandonment. Dissensions as to the size of canals were rife in the ranks of ay o 
the advocates of canals. The question of restoration of tolls on the canals ; 
crept in. 7” For two years, it looked like the opponents of canals would win out. _ a 
~ During this time organizations, such as the very influential Canal Associ- _ 
ation of Greater New York— ~comprised of the leading commercial interests of _ 
New York City and State— -and others— fought the anti-canal interests; united 


the canal advocates; influenced both political party conventions in 1902 to adopt - 


fa barge canal plank in their platforms; and, through untiring efforts of edu- 


ication and promotion, _ saw the barge canal referendum bill pass through the he 
Senate and Assembly during the 1903 legislative session, and the barge canal 
became a fact by one quarter of a million vote majority during the — 
November elections. ibe The people of the State < accepted the ‘barge canal, voted a 
one hundred and one million dollars for its construction and reaffirmed the 
1883 decision that the State canals remain toll-free. 
r. Thus the start of this century saw another great - waterways project com-_ a 
menced in New York State. The design and building of the barge canal was 
another milestone in the progress, growth and development of the er 


Be York State Barge Canal System comprises four divisions. (See 


_ The Champlain Canal » starts at Troy. It utilizes the ‘canalized Hudson River P 

f" Fort Edward. ‘From Fort Edward to Whitehall , this canal is an artificial — 

land cut channel. _ From Whitehall to Rouses Point, the waters of Lake — dngintle 
Champlain ar are used. This Division has 11 locks from . Waterford to Whitehall 

_ The Champlain Canal follows the northern pathway of the history of the - bey 
Nation. _ Along this route passed the early fur traders and the trade and com- 
merce between New York and Montreal. - Armies o of the 1 war between the aang 
Colonies and England trod back and forth on this pathway. Tributary streams 

of the Hudson River Lake Champlain an most natural 


‘The E 
_ ‘The Erie Division stretches from the Hudson River at 
State to Tonewanda on the Niagara R River. 
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: channel to Lock E-21 at New antes west of Rome. At Rome is located the 


eastern summit level of the Erie Canal. Water for navigation is let into this 


level from canal reservoirs, which are located both north and south of Rome | 


ane Utica. From Lock E-21, the Erie makes use of Wood Creek, Oneida Lake} 
_ and the the Oneida River to Three Rivers Point north of Syracuse. "From hey 


:. Rivers to Mays Point, the Seneca River is used and the Clyde River from Mayil 


Point to Lyons. From Lyons to the Genessee River, just south of Rochester 
and west to Lockport, the Erie Canal is an artificial land cut channel, often 
located higher than the a adjacent countryside. From Lockport to Tonawanda, 
oat on the Niagara River, a land cut channel and Tonawanda Creek are used. ‘Thy 
Niagara River is canalized from Tonawanda to Buffalo. This river ‘section is 


operated by the U.S. Engineers. The Erie Division has 35 socks. 


from Thre 
’ Rivees Point, which is the junction of the Oneida, Seneca and Oswego Rivers, 


to the City of Oswego at the outlet iad the ‘Oswego River on Lake Ontario. The 

ayuga - Seneca Division 


~The Cayuga - Seneca Canal runs from 
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‘NEW YORK CANALS 
utilizes the Seneca River from its junction \ with the Clyde River up to and in- e 
cluding the two largest Finger Lakes, Cayuga and Seneca. | 2 This division has ™ ; 
four locks" in the canalized Seneca River. a 

total of each division of the Canal is as | 


+ Erie Canal from Waterford to Tonawanda - 348 
pm Waterford to Tonawanda - 348 miles. 


ze this mileage 220 miles comprise canalized rivers and lakes and 128 
miles of artificial land cut channels. 


The Oswego Canal is the canalized Ouwege River from junction with the 7 
Erie Canal at Three Rivers Point to Lake Ontario - -24 miles. i. 
_ The Cayuga and Seneca Canal, which is the canalized Seneca River and > 
-— Lakes Cayuga and Seneca, runs from the junction of the Erie ‘Canal at 
Mays to Ithaca and Montour Falls - 92 


_ The total ‘mileage of the New York State Barge Canal System is 527 miles _ 
of this total mileage, 151 miles comprise artificial land cut channels and 376 3) 

miles consist of canalized - rivers, lakes 


~ Champlain. Cayuga - Seneca Canal Erie Canal, trom 


Three Rivers to Tonawanda, have ; a navigable depth of 12 feet in the canal he 
channel and in the locks over lock sills. These canals have a channel width of 

200 feet in river sections and 94 feet width in rock sections, they havea 
hom witth of TS feet and 1 123 feet at the water surface i in t has artificial land 

_ The Erie Canal, from the Hudson River to Three Rivers Point, and 7 4 
Oswego Canal have been deepened and widened. This work is ‘slowly coming | 

to completion and is being done with the help of federal funds. It includes the 
deepening and widening of the channels, deepening of the locks from 12 feet of 
water over sills to 13 feet, and raising of all fixed bridges to provide 20 fect a 
of clearance above maximum navigable pool level. - Of this work, the widening 
and deepening program is 99 per cent complete. _ The work of dropping -. - 
lock sills one foot is about 80 | per cent complete, , while the work of raising the = 
fixed bridges is about 55 per cent complete, and presently is at a standstill. 

The channel in this so-called improved section of the barge canal has a ~ oa 
minimum depth of 14 feet. It is 200 feet wide in river sections and 120 feet in 
width in rock sections. In the artificial land cut channels, the minimum bottom — 4 


Width is 104 feet and 160 feet at the water surface. Fig. 2 shows some i a . 
traffic on this reach of the wie 


Spanning the canals are a total ~ 309 highw 


ay am 
| total, two bridges are double-leaf bascule, two are ‘single- -leaf bascule, one i 


ga plate- -girder swing type, and sixteen are lift bridges. The Erie Canal aed 


| Crossed by 245 bridges, ee which sixteen are of the lift » epson and one is of the > 
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in ‘the Improved Artificial Land Cut of 
» Canal, Near Utica. 


is of double-leaf-bascule type, two are of the ‘single- 
r i leaf-bascule type, and one is a plate-girder swing bridge. On the Champlain 
Canal are ~four ir bridges, sixteen bridges across tl the Seneci 


‘The barge canal 1 ocks are 45 feet wide, 328 feet long bet lock gat 
ge canal locks are eet wide ee ong etween lock gates, 
_ and have an available length of 300 feet in the clear in the lock chamber. Ther 
are a total of 57 locks on the entire Barge Canal System. Two sets of these 
locks are tandem locks. The lock gates and valves are operated by cee _ 


electrically - powered machinery. time of a vessel 
bil 


Maximum Size 

One can see from these neni duane that the m maximum size of | 
floats (barge and tug, or motorized vessel) that can navigate on the Barge ~ 
Es are: length, 300 feet; beam 43 1/2_ feet; height above water, 15 feet; an 


economical draught up to 11 feet in the canalized rivers and lakes, and 9 fet 


These dimensions reduce to a tug ee a barge of 3,000 tons s capacity (maxi- 
_ mum), which is equal to a freight train of 85 tank cars. eee 


‘The New York State siaaews Canal : is s remarkable | from the po point of view wot 
— because of the many types of structures that are used. They in- 
elude fixed dams, movable-bridge type dams, taintor-gate and sector- ~gate 
type dams, guard gates, siphon type spillways, lift bridges, retention dams, 
_ aqueducts and a siphon-operated lock—to name a few of the structures. The 
job of planning the Barge Canal involved a great deal of engineering. Much of 
the engineering fell within the field of new design. Much was in the field of 
eh, - adapting old principles to new conditions. In the light of comparative engineer 
ing knowledge, there is no doubt that New York State, in building the Barge 
~ Canal, has accomplished as great an engineering feat as was accomplished ~ 
"almost a century before in the of the > Grand Old Erie. 4 3 shows 
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‘Fig. Derrick thet Tenkenas Making R Repairs to Bullnose, Lower 

Lock Wall, Lock 10 od 


The Barge is river canalization project. The natural 


flows in the canalized streams | and rivers supply the canal water needs toa _ "7 
large degree. The Champlain Canal summit level at Smiths Basin is supplied 


ee by means of the Glens Falls Feeder. The feeder takes the water from the — net 
ug Hudson River west of Glens Falls. The w water supply for ‘the Champlain Canal 
e of © | | is more than ample, as the entire watershed of the Hudson and Sacandaga Was 


irge q ‘§ Rivers Ss, west and north of Glens 1 Falls, is available ‘for | this purpose. Regulat- 
feet; anil oq Cayuga, | Seneca and Oneida Lakes, with their tremendous capacities, pro- 


d 9 feet, § vide the water requirements for navigation on the Oswego and the Cayuga Re oe 
als. k Seneca Canals, . and on the Erie Canal, from Mays Point to Three Rivers, and 
from Lake Oneida to Three 2e Rivers. ‘The western section of the Erie Canal 
atta had an unlimited water supply in Lake Erie by way of the Niagara River. With " 
et the redevelopment of Niagara Falls for power, this source will be limited. hes -— 
“ae However, sufficient water will be available for all navigation needs on iy 


‘iew of § Portion of the Barge Canal. Here the flow is through the canalized Tonawanda 
[hey in- § Creek and the land cut to Lockport; through and around tandem Lock E- -34/35_ 
-gate § md along the famous Sixty Mile Level to the Genesee River at eur a al 
dams From Rochester, some of the surplus Sixty Mile Canal Level water, together 
s. The § With some Genesee River water, is used for power development at Rochester — 
Much of § 8d to supply the Erie Canal levels east of the Genesee River up to Lyons, 

eld of and, as a matter of fact, farther eastward, up to Mays Point, where the canal-— eu 
engineerg Zed Clyde River joins the canalized (Cayuga - - Seneca Canal) Seneca River. __ 
Barge | On the eastern section of the Erie Canal, the natural stream flows must be. 
lished — augmented by canal reservoirs . For this purpose, most of the old Erie Canal _ 
reservoirs and feeders, that were built to supply water to the old canal, were 
retained to supply the ‘Barge Canal summit level at Rome. In addition, large at 


— 
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new reservoirs we were built under Barge sie contracts to supply this level 
Delta Reservoir, located just north of Rome, supplies the summit level by 
_means of the old Black River Canal, while Hinckley Reservoir, which is locat- 
ed east of Rome and north of Utica, feeds this level from West Canada Creek 
_ by way of Nine Mile Creek and Feeder. The flow in West Canada Creek, south> — 
_ of the Nine Mile Creek Feeder junction, enters the canalized d Mohawk River, 
east of Frankfort and Lock E-19 
_ The Barge Canal planners were liberal in their provisions for an adequate 
water supply for navigation on the canals. ‘The water provisions ; are ample 


Terrain Problems 


_ a - Some of the terrain features that had to be. overcome in building the Barge 
| “a Canal are interesting. © At the eastern end of the Erie Division, an artificial 


land cut channel was built to carry the canal from the Hudson River to the q aa 

. Mohawk River around Cohoes Falls, which are located in the Mohawk, just he 
west of its confluence with the Hudson. In this short section of the canal, adia 

r 1/2 miles long, there are located five locks, which have a total lift of 169 
feet. _ The lifts in these locks range from 32- 1/2 feet to 34-1/2 feet. It can be eset 
safely said, even today, that this group of five locks form the greatest series” Roos 
_-This 1-1/2 mile section of canal was the most interesting in its planning, | ose 
by ti 
‘The engineers pondered, , should the a combine of locks or a 
_ of separate locks. _ Operation considerations, safety requirements, and the and 

‘ intricacies of design of the many other structures and facilities in this shor long 
stretch of canal, determined the use of separate locks with short navigntiall leav 
pools between locks. This required the design of special bypasses around the a: 


~ locks, and retention pools with self-regulating dams. | _ These pools must ac-_ 
- commodate the spillage of the locks without causing overflowing of the canal gors 
banks, while, at the same time ponding sufficient water for * filling the locks call 
without appreciably lowering the short navigation pools. 
a Further complications to the engineering design were caused om the | in- 
clusion, at the upper end of this short canal section, of a long, high dam, with § oj , 
a powerhouse at each end, which forms Crescent Lake. A deep rock cut, ie 
- about a half mile in length, had to be provided from Crescent Lake to Lock § ¢ap; 
_E-6. For safety reasons, two guard gates, each with a taintor gate bypass, _ __ C 
had to be designed for location in this rock cut. Special navigation approach This 
walls between locks were provided in the short navigation pools between locks and 
a design for high retaining walls was necessary at = retention pools betweet§ }j+;, 
the locks, and from Lock E-2 to the Hudson River. Two railroad, and several 
street and highway crossings had to be made. 
_ In addition, plans included into this short section of canal a dry dock and To : 
“canal | Shop at Lock k E-3, , and a canal terminal below Lock E- -2. _ A highway - 
i included between Lock E- 2 and E-3. _ Engineering design also included — 


_ the guard gates, two lock : powerhouses, and the shops and dry } dock. Trans- 
- former stations had to be provided. _ The two lock powerhouses had to be de- 
Se to convert alternating current to direct current, and the DC transmitte 
each of the locks, one guard gate, and to the dock and for 
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operation of DC machines and equipment at those locations. patina high 
ways to the locks, shops and dry dock had to be provided. _ Several bridges: fb: | 
‘and culverts to carry these approach roads over spillways and the canal had + e 
 ‘Ttis no wonder, therefore, that, during construction, and after completion — 
of this short 1- 1/2 mile section of the canal, it was the Mecca for visiting = i 4 
——, , not only from this country, but from many parts of the world. Even 2 " 


The western section of the Erie has the famous 60- mile canal level. this 
level extends from the Genesee River at Rochester to Lockport. | The differ-— in a 
ence in elevation of the bottom of the canal prism at the two ends of this. length — 
of the Canal is less than two feet. The slope of the channel is slightly steeper 
from Lockport to Medina than from Medina to Rochester. |‘ This slight change >: 
in slope provides for surplus canal water at Media at Old Orchard Creek for 
Long sections of this 60-mile level lie above the level of the surrounding ~~ 
ceutna. In some locations, the Canal is more than 50 feet above the Va . 
adjacent terrain. _ In this level are a number of lift bridges, an aqueduct, which | 
carries the canal over Oak Orchard Creek, anda culvert, which carriesa 
county highway under the Canal. To protect the adjoining countryside from ‘a ile 
flood damage, should the canal banks fail, numerous guard gates have been in- in- 
stalled at fixed distances one from the other. ‘Their locations, in general, are 
near access roads and the lift bridges so that they can be conveniently ol 
by the lift bridge operators in case of bank failure. To further eg a the = J 
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and boring rodents. Figs. and 5 show typical ‘guard gates that are located 
} short long sections of artificial land cut channels where wae ch channels ent enter or ; 
und Oak Orchard Creek at Medina presented a a antes to the engineers. 

st ac- Here, the bed of the creek changed abruptly from a shallow channel to a deep 


canal gorge. Here, also, the terrain conditions were such that the old canal practi- — F 
locks t H cally ‘made a sharp circle to pass around the gorge. Good alignment for the a &§ 
ol Barge Canal, to permit safe navigation for 1,000- ton and larger barges, a a 
> n= manded a much straighter alignment, and, therefore, the elimination of the 
m, with old circuitous route. The need for good alignment at this location gave j 
ut, more studies and plans than were required for any other short stretch of the _ 

pass; § ne of the studies called for a concrete arched aqueduct to span the gorge. 

rose This very wide, single span structure, with its long span and enormous dead z 

en locks.§ ang live loadings, was startingly unique, as it was the largest and most am- 5 
betweetl bitious single- span ‘concrete structure ever planned up to thattime. For 

oor | Teasons obvious to us today, neither this plan nor the many other plans were 4 


ee carried out. Instead, the Barge Canal follows the route of the old Erie Coun. sl | 

k and J | To aneuuaa' the difficulties of the sharp curvature to navigation of this short 4 
section by 1,000-ton and larger floats, an unusually wide channel was con- 4 
structed. This | called for very long stretches of concrete canal walls. % Since — 

the Canal borders the gorge very closely, some of these walls are sities 

ally high and their design presented a ange to the engineers, , which re- a 
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are built of concrete throughout, both the side and cross ¥ walls the 
floor, except at a few locations where goed x ‘rock saa was | encountered, 


concrete was dispensed with. 


At the time of the building of the Barge Canal, as. 
used today, were unknown. . Much native sand and gravel, found near the lo- _ 
cation of the locks and other structures, were used. The present condition of 
_ the canal structures reflect, , to a remarkable degree, the quality of the ma- 
_ terials used in the concrete. Some structures, and portions of others are as 
_ sound today as the day they were built. Other structures deteriorated and re- 
quired considerable rehabilitation. However, it ‘must be the canal 


The side walls of the are 5,6or7 the top, according to 
local ground conditions. At the ‘river locks, the top of the river lock wall was 
_ increased to 12 feet. ‘The walls vary in height and bottom width with the lity 
_ of the lock and certain local conditions. The lifts in the 57 locks vary from > 
"y.* 6 6 feet to 40- 1/2 feet. - Both tl the lift and the fluctuation | between normal and high 
° _ navigable 5 pool levels governed the height of the side walls of the locks. These 
walls vary from 28 feet to 61 feet, with an extreme height of 80 feet at the _ 
high lift lock E-17 at Little Falls. _ Wherever r rock or hardpan foundation was 
the lock was constructed directly on such "Mot ofthe locks onthe are 


7 wood piles were driven to support the entire lock. ‘Most of the locks on the 


dep} 


= lock. The invert elevation of these culverts is the same as the floor of the 
lock. ‘Ports in the near the floor of the connect the culverts E 
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ig. 5. Typical Guard Gate. Note the Girder the Gates. 


The Gate Face Plate is Located on the Upstream Side of the Gate. one 


7 feet for locks with lifts up to 12 feet; 6 by 8 feet for lifts from 12 feet to 
23 feet; and 7 by” 9 feet at the locks with lifts of more than 23 feet. ‘The 5 by a 
foot culverts are connected with the lock chamber by 16 ports, ‘eight in each 


“side wall. . The number of such ports was increased to 22 for the 6 by 8 foot q es 


_ealv erts, and to 28 for the 7 by 9 foot culverts. The ports are either ciecelar 


or square. The square ports were used in the locks built last. The area of | 
Opening | of these ports is 7- 1/2 square feet each. Water: is admitted into and 


discharged from the lock ‘equally by both culverts to provide 2 for a smooth — _ 


ute In addition to these lock culverts, 33 locks each have a power culvert built — ; 
into one of the lock walls. ‘This power ‘culvert is located over the lock culvert. 
The power culvert carries water from the upper end of the lock to the location | 
of the small lock hydroelectric powerhouse. _ Here the water is used to de- - a4 


velop up 07S kilowatts of direct electric power for the operation of all lock 


~The lock gates are of the mitering, girder type, carrying the principal load my 
as beams. There are two gates or leaves at each end of the lock. The ga gates” él a 
are built of steel and have a single skin plate. _ The girder sections have a * - : 
depth of 2 feet, six and a quarter inches, , and are e spaced on three feet, one Ps. 
quarter inch centers for the deep lower gates, and on three feet four and one- me 


quarter inches centers for the upper gates. In general, the top two girder 
Sections of all gates are spaced about four inches more than the ‘spacing ~ 


‘mentioned. . Fig. 6 shows Lock 2 on the Erie Canal with the lower gates” od 
The gates are provided with w lite oak quoin and toe posts. Until several 


years. ago, t the gates ; mitered ag against 12" x 12" white oak timbers anchored to = 
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‘Fig. 6. Lock 2 Erie, Lower Gates Opening Completing Down canoe : 


Tug and Barge with 2,500 Tons of Linseed Oil for New York City 

‘the concrete lock gate sill. These heavy timbers acted, ‘both asa ‘seal against 

leaks between the the sill, and as a gate ‘sill. This timber type of 
am sill was difficult to maintain against leaks between it and the concrete sub- 
sill. Maintenance personnel devised a sill of concrete anda heavy 10- ‘inch 
ae angle. To seal against leaks between the gate and the ‘sill, a 4" x x 8" i 
% : oak timber sealing atrip is fastened to the bottom girder of the gates, 

“The 

gates swing on cast steel pivots, which are concreted into the sill at the holloy 1 
Adjustable steel anchor rods support the gate at the top near the 

- quoin and provide for proper positioning and hanging of the gates. In the td % 

2Z position, the white oak gate quoins bear against cast steel hollow quoins, 

which are set in the corner of the gate wall recess. . The white oak toe miter 

timbers on e each gate leaf bear one against the other when the gates” are | 


closed. Under ere of water in the lock , these contacts form 1 tight wate 


‘The lock gates are opened and closed by a 7- -horsepower direct current | 


moves in a horizontal plane, by means of ring and bevel che 
Baie. closing time of the gates is about | one ‘minute. _ 
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by means of a gear train. The -foot by -foot the 6- by foot 
valves are operated by a 3- -horsepower direct current motor, while it takes a 
1- -horsepower motor to operate the 7-foot by 9-foot lock valves. ee ie 
- Both the lock gate and valve operating machinery are provided with limit 
switches and overload devices. ‘Signal lights indicate the position of the 
valves. In case of failure of the gate or valve operating machinery, the = = 


or valves can be operated. manually hg gearing ratios in the train of gears 


iy 


al ca 
operation Control of Locks 


le lock is | provided traffic lights — 
indicate by a red signal to an approaching float that the lock is not ready ad 
for the float to tie up at the lock approach wall. _ When the lock is ready — 
receive a float, a green light is shown. Electrically-powered capstans . 
also provided at each lock. These are located on one side of a lock, one cap- 
- stan at each end. _ The capstans were provided to ‘control the movement of — Be 
boats along the approach walls and to tow them into and out of the loc 
chamber. Today, the capstans are seldom used since only a few of the o. 
“called “double-locking” fleets operate on the canals. . The present canal gl 
comprised of a and a 2,000- to 3, 000~ -ton ton capacity need — 
When the New York State a Canal System was built, the electric power J 
at the 57 locks for operating the gate, valve and capstan ‘machinery, the lock 
lighting and heating, the signal lights | and other electrical devices, was sup- i 


with AC to DC converter ‘substations, and 1 ‘motor generator station. . Six locks A 
are supplied with direct current power from near-by locks with nydrosiectric a 
stations, and three are supplied from near-by locks with AC to DC converter an 
Each lock hydroelectric power ‘station, byc canal water, has two, 

| low speed, vertical-shaft turbines installed. These turbines are connected di- 
rectly to vertical-shaft generators which supply direct current at 250 volts. 
At four low-lift locks, where only a small head of water is obtainable, hori- 
zontal shaft generators are installed. 75-kilowatt waterwheel- -generator units 


and booster sets are installed at the locks, which supply electric current to . _ 


adjacent locks (two miles or less away), while 50 kilowatt units are installed 
at all _ the other lock hydroelectric stations. The gasoline- electric stations - 
were each provided with two 25-kilowatt, 250-volt direct current genera ators 
directly connected to gasoline engines, designed to run at a speed of 600 rpm. ae 
Operating experience has shown that it was more economical to purchase © a 
alternating current power and convert it to direct current by means of ie . 
motor- -generator set, than to generate it at the gasoline-generator stations. | 

For this reason, 15-kilowatt motor- ~generator sets have been installed at all 
of the “electric stations. ‘The gi units are now used as 
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ae Recently, Lock a4; Erie scien at Little Falls, has be been completely rehabil 
Breet Because extensive work had to be done at the hydroelectric ‘station and 


nomical to anes power. “It was further determined that excellent oper- — 
ation of the lock machinery could be obtained with alternating current. As a 

; = , new : alternating- -current. gear ‘motors were installed in place of the 
direct-current motor drives and the speed-reduction gear trains. Since this J 
lock has a lift of 40- “1/2 feet, it is the only lock, _ except the two guard ca | 

j - the > Genesee River and the Utica Harbor Lock, that is provided with a lift 
type of gate. This 125-ton lift gate, with its associate concrete counterweight, 

. a. controlled in its operation by selsyn motors. The operation of this lock | 
a the 1958 navigation season on the canals indicates that ae 


us Lock 8, Oswego Canal, located it in 1 the city of re is the only one of its 


_ kind on the Barge Canal. © ‘This syphon lock was the first. of rotp~ahe to be built 
in this country and the largest employing the syphon principle. ‘This lock, in 
design, is similar to the regular locks except in the design of the lock __ 
culverts. _ The upper and lower ends of the lock culverts are curved up to 
form necks. These necks, or siphons rise a little above the highest water 
if level. They are also tightly shut off from the outside air except through oper- 
ating pipes. . Large tanks are built into each wall at the upper end of the "lock. 
These tanks are connected by piping with the upper and lower pool levels, and 
with the upper and lower siphons in each wall. The tanks, siphons and piping 
_ must be maintained airtight. To fill or empty a lock, the siphons must be 
a started and operated by vacuum and air. This is accomplished by first filling 
the tank with water, then closing the tank inlet valve and opening the outlet 
7 A valve. _ ‘This operation results ina body of water desiring to to escape from the 
tank, but being prevented from doing s sO ) by the 1 /vacuum it produces by its q 
_ volume and weight. On opening the air valve in the pipe line from the siphon | 
to the tank, the air in the siphon rushes into the vacuum and lifts the water | : 
ze, into and through the neck of the siphon. % Using both the upper or lower siphons, 
_ the Oswego Lock 8 chamber, having a lift of 11.1 feet, can be filled in five § 
-minutes and emptied in six minutes, respectively. ‘a _ Theoretically, the operating 
power is self-renewing and, except for air leakage, -lockages could be made by 
_ merely manipulating the 4-inch valve and the tank valv gy Ses 
oft _ The ever present maintenance problem of keeping the tanks, siphon and 
See the piping completely air- ~tight led toa | modification of the system. 


the locks, the dams are the most important structures on the 

_ Barge Canal | System. Since the Barge Canal was a river and stream canal- — 

ization project, 40 dams were required. To meet specific and widely 
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a “of the fixed dams, the four largest lk most most interesting are the. Hinckley 7 
and Delta reservoir dams, and the two dams across the Mohawk River, yo 
of Schenectady at Vischers Ferry and Crescent. Most of the fixed dams have 
some moving parts incorporated in their construction for the asad of i ‘a 


lating the navigation pool levels and passing freshet waters. als 


the y 

e this - Crescent Dam, which derives its name from the name of a near- eee 
he is located just below the entrance into the Mohawk of the short land- cut | 

ocks 


channel with its five locks from the Hudson River. . The dam is curved in plan 
and of the gravity type. It does not depend on its curved form for stability. — 
This structure is really two dams with a rocky prominence intervening. One 
section of the dam is across the former river channel, while the ‘other section S 
was built across low land, which, after completion of the structure, was sub- 
“merged. _ ‘The structure has a total length of 1,922 feet, and sweeps through — 
nearly a semicircle, having a 700-foot radius. 7 Across the front of the portion - 
_ § of the dam that was built on the low land, a third dam was built. This dam > 
of its has has a low elevation and its purpose is” to maintain a a pool to serve as a water 
cushion to break the fall of the water spilling over the crest and prevent 
erosion of the rock at the foot of the main dam. The pool back of the dam has : 
been raised 28 feet above the former river level and forms a virtual lake. - 
During the ceremonies attending the opening of this section of the Erie Canal 
on May 15, 1915, Governor Whitman formally christened the body of water 
| This dam is 42 feet wide at the base and 11 feet, 5 inches" wide at the top. iy 
an The crest is 39 feet above the apron. The apron has a width of forty yfeet. 4 
piping The total masonry content of this dam is 54 »360 cubic Se wae 


be At the western end of this dam, farthest from the canal center line, is situ 
t filling § 2ted one of two large hydroelectric plants that were built as part of the canal £ 


itlet system. Each of these plants has two 3,000- ~kilowatt, 400- ‘volt vertical- 
ym the & Shaft waterwheel generator units. . This Crescent station supplies electric Me 
its power to the two guard gates at the top of the Waterford flight of five locks, i 7 
siphon the five locks, the large canal shop and canal | dry dock, and to the near-by — oi 
ater highway shop. The surplus power is sold to a public utility under a 25-year. a 


five _ About ten miles above the Crescent Dam is located the Vischers Ferry 
operating Dam with Erie Lock 7 at its southern end, and the Vischers Ferry canal ioe o] 
electric plant at its northern end. This structure is similar in design, except 
alignment, to the Crescent Dam. The dimensions of the two dams differ very ae 
little. The site chosen for this dam is near - the village of Vischers Ferry = 
was one having two river channels an island of consigarante 


cks of 
the 


across the island, connected the two river sections of the dam to make a con- — 
tinuous crest of nearly 2,000 feet. Each section of this dam is straight. - How- - . 
ever, their location in the river channels and across the island is such that x 
the | plan of the whole structure is roughly that of a reversed “Z”. wigs} a 
This dam contains 90,000 cubic yards of masonry, and its crest is 36 feet a 
above the apron. . The hydroelectric plant at its north end is identical with yah “oi 
that at the Crescent Dam. This plant supplies electrical energy for the oper- na : 
ation of Erie Canal Lock 7. The surplus energy is sold to a public utility i * 
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— large canal Delta built for the 
a: purpose of supplying water to the Rome summit level of the Erie Canal. By 
be _ restoring an ancient glacial lake, , five miles north c of F Rome, Delta Reservoir 


long in its alien Its height is 100 feet from lowest foundation to crest. It 
forms a lake with an area of four and one third square miles at crest with a 


_ maximum depth of 70 feet, an n average | depth o of 23 feet, and a a capacity 4 


_ Hinckley Reservoir lies on West Canada Creek in the foothills of the sg 
_ Adirondack Mountains. The » dam « of this r reservoir has a total length of 3,700 
_ feet, which forms a lake 4.46 square miles in area with a maximum depth at. 
_ crest level of 75 feet, an average depth o of 28 feet and a and a total CaGaeny bat: 
3, 445 ,000 ,000 cubic feet. 


_ There are eight of these Gusti: ranging from 370 to 590 feet in length and one 
_ smaller one, all located on the Mohawk River, west 0 of Schenectady at Erie— a 


on the Mohawk River at Rocky Rift and Herkimer, and on the Seneca River at 

_ Mays Point. . The depth of water back of these dams from crest to sill varies 

The Mohawk of its location in a fairly steep valley, and be- 
d cause of the > type « of streams that flow into it, is subject to very fast rise and 

Af fall and to severe ice jamming during the winter. _ Because of these conditions. 

_ the canal designers concluded that some type of movable dam must be used © 


- ditions. = Their s studies led them to 0 adopt | the bridge- type movable dams tore 
= their existing locations because they would perform their required functions 
at the least cost. Maintenance experience has proved that the cost of maintain 
; ; ing these dams is not much more than the cost of maintaining : a similar-type 

bridge. Fig. 7 illustrates the bridge-type movabledam. = 
a _ The interesting feature of this type of dam is that the structure is a bridge 
: Bs e. abutments and piers. It is designed to take a tremendous lateral  & 

Pa pressure. | These structures are provided with a dan: foundation, a sill and an 

_ apron i in the stream b bed between the piers. On tl the downstream side of thi these 
Ter chords of the trusses. In the dam sill, cast iron shoes are set in at lo- 
cations directly under the hinge pockets. D: Dam gate uprights are supported by 
g pins at the hinge | pockets and, in the down position, the toe of the | gate upright 
rests against the cast iron shoes. These dam gate uprights are girder we 
‘sections, which have a straight flange on the upstream side and a variable 
; 7 depth ranging from 1 foot, 5 inches at the hinge end to 1 foot, 10 inches at res: 
® oa _ toe with the maximum depth of about 3 feet occurring about one third of the 
Gate pans, supported by wrought iron chains, slide adjacent uprights 
a form the dam. Two to three such gate pans, one above the other, form the 
_ dam to the required depth at each location. The upper gate pans may be full 
gates or two half gates. The location of these dams along the Mohawk River 
a ‘determined this choice for the reason that the upper gate pans of all of these 
bridge- type movable dams are e raised dor closed | as required to the 
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Fig. 8. ‘Downstream Side of Movable Dam. Note Raised Gate Pan to Pass 


Water. The Leakage Shown is Occurring Between Gate Pans. 
_ The gate pans and the dam gate uprights are raised or lowered by means 
of mobile electric winches" through | wrought iron chains, supported by properly 


placed sheaves. - During the close of navigation, the ; gate pans and the uprights 
are raised to provide a clear river channel at these structures. . Stipa | —- 


‘The taintor-g -gate type of movable dam is used very pes on the New Yor 
State Barge Canal. This type of dam is used in a wide variety cf ways; asa 
whole dam, as a regulating section ia conjunction with a fixed dam, as a gate 
to filla notch in a fixed dam, as a by-pass gate at a lock or guard gate, and 
as a crest across the a of a low fixed « ai _ Figs. 9 and 10 illustrate ek 
An of this incorporated with the fixed 
dam in the Hudson River, just above Waterford at Lock No. 1 of the Champlain 
Canal. This dam has six gates each 50 feet wide and a vertical height of 17 
: feet above the sill. These gates serve as a regulating section in connection 
with the fixed dam A single gate of longer | span is located adjacent to 
_ Champlain Canal Lock 12 at Whitehall. There, it forms a movable crest ona 


stream at this point, which also carries a highway across the stream. “The 
¢ clear length of this gate is 90 feet. Other conspicuous examples of taintor ea 

movable dams are those at Cayuga, adjacent to ‘Cayuga and Seneca Canal > pt 
= :. and in the Oneida River at Caughdenoy. Here the taintor gate dams > 

“constitute the entire structures | that act works for anti 
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aoe a a aoe A unique dam was constructed in the Genesee River at Court Street _ a 
Rochester. This dam is a combination of bridge and taintor gate types. 0 ir 
ce { dam provides the pool level for the Genesee River crossing of the Barge Cal reg 
south of Ro sector gate swings on pres 


q 


of the * the Pier and Gate 


pinion gear rolling on a gear rack roma to the gate, the discharge occurs be- 
tween the gate and the gate sill. . In the adaptation of Court Street, Rochester, ” 
Dam No. 10, the sector gate is pivoted at the stream-bed level and the gate es 
drops into a recess in the masonry instead of being raised. Water, therefore, — 
passes over the gate instead of under it, and presents an unobstructed ciggieell 
the water, regardless of the position that the gate is in,—fully open, fully - 


closed, or somewhere in se ah a ote weracena a clear and | free ad- 
It was for this reason that this adaptation taintor gate was 
used. The Genesee River carries tremendous debris and flood wood. To 


prevent the debris from lodging in the ribs, radius members, and other rein- 


forcing and supporting steel of the gate, a decking is provided on the radius at 
members from the face of the gate to its pivot. This decking forms an in- mS 
clined plane down which the water may flow and the debris pass with ease. “a 


‘the gate, which is 
‘Siphon spillway ‘ 
a the many o other types of structures that can be found on the New York 7 
State ¢ Canals, one deserves some comment. This structure is the siphon s spill- 
Such spillways are especially useful at those navigation levels where 
there is no room om available for the usual waste weir, or where it is ‘impossible 
to install a long ¢ overflow spillway, but where it is necessary to automatically io 
the pool- level elevation within certain fixed limits. Itwasthe 
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time on the Barge Canal to create such a spillway of any considerable size. 
The siphon action is entirely automatic in both the starting and stopping of the — 
flow. These types of spillways appear to be able to accomplish as much as. ~~ 
the regular spillways, three to five times as jong, providing they are kept 

_ §uch spillways have siphons built into a concrete wall which externally ae 
differs little from any wall that “might be built to separate two nodies of al 
having different surface levels. _ The siphon is a cavity in the wall. Its inlet 
is placed well below the surface of the pool to be regulated. Its ; outlet is = = 


new structure. “It is is believed that the 2 siphon 1 principle was used for the sy 


placed as low as possible below the surface of the water in the stream that | 
carries away the flow. _ The crown of the siphon rises to the elevation at which - 
it is desired that the discharge of water shall begin. The bottom of the crown _ 
is at the elevation where it is desired that the flow of water shall stop. At # 
this level air vents pierce the wall to permit outside air to enter the siphon. 
The siphons start working when they fill up. When the regulated poollevel 
| been drawn down to desired elevation, air enters the 


Rat 4 
_ The siphon-type spillways ~ ices, provided they are ke kept open 


Old engineering records indicate that such spillways were more 


Canal maintenance experience, however, potats to the requirement of: con- 
siderably n more maintenance to keep these spillways free and clear SO that a 


have been sealed and ‘conventional spillways | built instead. 


week in . April and closed to ‘navigation n usually at the end of the ton by week in “i 


December. Excluding very short delays to navigation by high } water, the canals 7 
f 


are open to navigation approximately 8 months each year. 


_ The Erie, Champlain and Oswego Canal locks are operated 24 hours ver 
day and seven days a week during the entire navigation season. The Cayuga - 
Seneca Canal locks are operated from 8 o’clock in the morning to midnight — 
seven days a week during the entire navigation season. Commercial floats, — 
desiring to lock through the Cayuga - Seneca Canal locks between the hours of. 
midnight | and 8 o’clock in the morning, must make arrangements for such lock- 
ings with the Canal Section Superintendent’ 's Office at Lyons. — “a 

The canal channels in all stream, lake and are marked with 
lighted buoys. In the stream and river canal sections, the buoy lamps are © 
kerosene type and remain lighted continuously. In the lake sections, the ie 
lamps are battery-operated and are provided with sun relays, automatic lamp 
changing and flasher mechanisms. _ These lights operate only at night and on ae be 
dark and stormy days, when the light intensity is only of the order of twilight. ae ff 
Large 5-inch diameter, plastic - type reflectors are mounted oneach buoy 


picked up by | float searchlights and ir indicate buoy and d channel locations s should | 4 e 
the buoy lamps out. 
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een buoy lamps st ampere on steel stakes installed along the canal bea 
to provide an aid to navigation during the 1 night. . The. artificial land- -cut 
sections on the other canals do not have such navigation aids. Large plastic- | 
- type reflectors are, however, mounted on all bridges crossing the artificial 
ak land-cut channels and at all curves in the land- -cut sections of the — 
‘Canal to delineate the at these locations light from 
As previously pointed out, the New York ‘structures of all 
types. _ They also include access roads, baiting, drydocks, shops and float- 
ing plant, , such as dredges, tugs, derrick boats, etc. The operation and 
_ maintenance of the canals, therefore, ‘requires many engineering and techalill 
skills. The maintenance organization must be able, versatile, flexible, will- 
and imaginative: : to meet emergencies of operation and to 


“levels and aaitnail all functions required and set by the Canal Law. a 

in general, channel and bank protection work : is performed during the navi- 

ie gation season. Work on many canal structures and parts of structures is done 
ne at this time also, when such maintenance, ‘repair and rehabilitation work does 
: not interfere with navigation. ‘The work at locks, dams, guard gates and other 
gq structures, which would interfere with navigation, is done during the close of 


This work requag 


_termines whether floating plant, land- based equipment, or both are used. . 4 
Floating plant equipment, that used in week, is up in q 


Throughout year r the 8 all t the ‘machine and repair 
required for maintenance of automotive and construction equipment, 
floating plant and lock and other structure machinery. _ These shops perform 
_ welding, carpenter, machine, blacksmith, electric and mechanical shop work. 
lay out, fabricate and construct pontoons for dredge pipe, , lock valves, 
movable dam gates, small scows, dredge pipe, buoy boats, etc. ‘rebuild 
_ dredge pumps, . machine canal castings, cut gears, shape miter pee quoin 7 


timbers, and perform a multitude of other construction, fabrication and ma- 
chine functions that cannot be found in pany of comparable size. 


smn on n the canals is s closed, the lock operating personnel perform the 


5 
| 
> 
iierdams to dewater the work areas. See Fig # 
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equipmeentt at their locks. Waterwheels and generators a faci 
i pared, cleaned and overhauled. Electric motors are taken apart, cle PS 
reinsulated; commutators dressed; field and armature windings varn 855 
rae és _ baked and bearings replaced where needed. All panel boards are cleaned and | 4 


Fig. ‘1. Major Repair Work is Performed in the Winter. ‘Special 
Type of Deep Steel Sheetpile Cofferdam in Foreground. Truck Crane — 
on Temporary Bridge Placed Over Lock. Note Pump Outlet Hose 
Back of Truck Crane and Movable Dam in Full Open Position. lee Be 
switches, relays, contactors and instruments are taken apart, cleaned and es 
overhauled. Mechanical equipment, such as shafts, cables, chains, gears, oi 
chain cup wheels and bearings, as well as the lock gates and valves and their 
mechanical operating equipment, are inspected thoroughly for wear, deterio- 
ration and faults. inspection information becomes basis for schedul-— 
nt, 
round ‘in — both the and maintenance canal personnel 


vey 7 


It is a historic fact that bulk ‘selenite liquid and dry, can be shipped at 
the lowest transportation cost by water. This is proved by the economic and fi 

industrial development of those areas in New York State and Nation, which — Bie: i . 
were fortunate to be endowed with navigable waterways. It is being proven by a 
the billions of dollars, v which | have been invested in recent years, and which a fan 

are presently veing invested, for new plant facilities and extension of existin 

facilities along the inland navigable waterways of the Nation. ese yea 
- ‘The New York State Barge Canal System provides such transportation 

85 per cent of Fork State’ ‘population and business, 
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f Old Concrete from Walls Prior to” Installation of Steel Dowels, Rei 
forcing Steel, Forms and Pouring etc. of the Concrete. Several 
Locks Have Been Relined with Wrought Iron Plate. At 
a een These Locations the Old Concrete Had to be reste 


comm erce and industry. It also serves the northeastern section of the United 


_ This service that the Barge Canal provides to our State and Nation and to 
"Canada is reflected by the movement of traffic through the canals. The aver- 
age annual movement is as follows: 


98 


Per cent of total outside of the 


Per cent of total tonnage originating outside of State for 


ms ‘Some 56 different commodities or r items of freight were srannentadl a th 
= York State Canals during 1957, for which complete tonnage records are. 


available. For simpler reporting, many are grouped together in. categories 
or classes of products. For example, gasoline, fuel oil, lube oil, jet fuel, ete., 


are in petroleum products. - Items such as soda ash, nevolene 


‘Fig. 12. Wor Recurf methat 
terials 
pulpwe 
volum 
ionnag 
ithin the State fo 10.57 
iginating w th 
f total tonn 
a 2. Per cent o cultur 
— nsu 
liz 


Fig 13. Reconstruction Work at Lock 9, Erie Canal. - Building the | Upstream y ta 
- Sheet Pile - Earth Cofferdam Prior to Replacement of Failed a : 
, ke Apron and Sill in South Span of Dam. Note Partially Raised Gate — brs 
Uprights in Middle Span, and the Fully, Raised Upper er and 


Lower Gate Pans on Their Respective Uprights. 


methanol, etc., are grouped together under chemicals. . Other like commodities i : 
are grouped into their inclusive product class or category. In 1957, the canals 
carried 18 products for a total canal tonnage of around 4-1/2 million tons and 

_ The ten leading products that were carried on the Barge Canal were: _— 
petroleum products 69.49%; products of agriculture 8.42%; bituminous ma as 
jierials 8.00%; chemicals 3.37%; molasses 2.60%; paper products 1. -10% ; ae: 
pulpwood 1.48%; sugar 1.23%; pig iron 1.11%; and fertilizer 0. 62%. The 
volume of these e products is i indicated in per cent of the total 1957 canal _ 


This q question often ar arises, “Just who, besides the oil com companies, es, benefits 
from canals and inland waterways? ” Petroleum products are used by agri 
culture, business, industry, munic ipalities, etc., governments, 
churches, homes, trucks, cars, etc. It doesn’t take much imagination to re- aed = 
Jaize how much more these materials would cost if they were brought to the ae 


[nsumer by other transport means at two to four times the transportation 


cost over water transportation. A little zon this will 
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Loe ‘Economic Survey of the New York State Barge Canal.” Their | survey, | 


raw and finished mean a profit, anc and get 
lower pricing of the finished article to meet competition and be sold. Sales 
- mean jobs. Jobs n mean income to the individual and to all who had anything to 
: do with supplying the raw materials » with asegyenaten, manufacture and = 
"sales. Tax on income, corporations, etc., , provide income to sub-divisions of 


"government. The benefits of low cost water transportation are far-reaching 
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but often overlooked by the ieunins of speed and EreETeang of other trang industr} 
sn sav 
7 AS specific example of isi saving, which is a direct saving ts the # Nationa. 
rss consumer, is the computed transportation savings on gasoline and No. 2 fuel og he. 
e 


oil that was made for the Utica area, which is served by the Barge Canal. a 


Here the savings averaged a trifle less than one penny a gallon. When .one — 
considers the millions of gallons of petroleum products, alone, which are con: 
sumed in the areas served by the Barge | Canal, one realizes that the total - 
direct transportation saving is very substantial to our citizens and their econ 
my. 1956, savings in the Utica area on gasoline and 
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is least understood, : is s its effect of producing s so- -called water- -compelled rates = 

on commodities which are transported by land carriers. Such rates are much§ 

lower than they would be otherwise because of the ever present competitive _The 
water transportation. There need be no traffic moved on the Canal to effect a ow cos 
transportation saving by such rates to agriculture, commerce and industry, 9 from L 
as the canals are open for and in good condition. gation 
used to 

Vische; 

rce and destination of tonnage by land c carriers, under ‘ouch 

is often difficult to obtain. However, assumptions can be made from the study ° he : 

of the published water- -compelled rates and the commodities to which they ap- ing Ber 

ply. It appears safe to assume that, for every ton of freight moved on the - B som 
Barge Canal, 50 tons are moved by land carriers under such rates to prevent low co: 
water transportation competition, which, if encouraged, cause a fi 

"What is this total saving to business, commu River, 
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- and industry in New York State? The answer to this question is given | in the 


pared in 1950, by Joseph H. Salmon, Management Consultant, New York City, 
for the New York State Waterways Association, established a benefit-to-cost 
ratio of 2-1 /2to 1. A return of 2-1/2 dollars to the economy of the State for 


ie each dollar spent for operation, maintenance, capital improvements and Zl 
‘payment on the bonded indebtedness, can be considered a good investment. — 


" os a _ The U. a’ Engineers, in their economic studies of the Barge Canal System Canal. 
in 1936 and 1940, concluded that the benefits of the Barge Canal were national § ‘or the 


in scope. They established, at that time , a benefit-to-cost ratio of better than 
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NEW YORK CANALS)” 
more than 26 million dollars in the improvement of that — - the Barge 3 


re 
Canal that the River at Waterford with Lake Ontario 


_ The New York State Barge Canal serves National Defense. In the past ers 
Sancti the Canal was utilized to ship vital petroleum and other ge 
to the Northeast. ‘This, of course, was a reversal in the usual direction of — 
flow of this type of traffic. “Military landing craft and other boats, built for — 
the armed services on the Great Lakes, moved to the eastern seaboard by way 
"f of the canals. At present there are two major air bases located on the canals, 
| at Rome and Plattsburgh, which obtain their bulk necessities by barge. It i 


must be remembered that, in time of national emergencies, rail and motor 


its share of the load. 

the Canals benefit the people of the State in other ways besides providing» 
low cost water transportation and water-compelled freight rates. Farmers _ 
from Lockport to Rochester use surplus canal water for supplemental irri- . 
gation purposes, which means they reap premium quality crops in years of ry 
normal rainfall, as well as during years of drought. Surplus canal water is = 
used to generate electric power at Lockport, Medina, Rochester, Fulton, a. 
Vischers Ferry and Crescent. This power not only helps industry but the 
leases for the use of this water for such purpose bring in a substantial revenue 
to the State. . Industries ; along the canal use this water for industrial process- 
ing. Communities along the Canal take water for sanitary and fire purposes. 
_§ ln some communities, it is the only source for domestic water ‘Supply. 


economic factor to industries availing themselves of this facet of canal t use. 7 
_ There is some variance of opinion as to the benefits of the Canal for flood — 
control purposes. It is admitted, however, by flood control engineers that the 
Canal with its reservoirs and movable dams, properly regulated, contributes _ 
significantly for controlled freshet and snow-melt runoffs in the Mohawk 
| } River, and from Oneida, Cayuga and Seneca Lakes, and their outflow rivers. ae 
A fairly recent use of the canals, which is developing at an astonishing — 
rate, is in the recreation field. The Canal offers a picturesque and tranquil 
waterways to the many scenic and historic vacation lands of our State. . With — 
the growth of the pleasure boat industry, we can expect this use to ae 
materially over the coming years. In many areas, the banks of the Canal are oF 
| dotted with summer camps and boat and yacht clubs. 8 Boat liveries and Rater 
marinas , healthy small businesses, ply their trade on various levels of the oe 


Canal. In the future, our waterways will be aggressively promoted 


for the tourist and the business. 


: 
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Authorities ahd many 1 rie r € Canals aS Vital lor their 
iS of continuing success and existence. The New York State Department of Com- 
ing § merce stresses the importance of the Canal in its program for attracting new i — a 
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"Transportation are Complementary 3 


Economic surveys indicate that other transportation have 


ce from. the economic growth o of the areas served by the canals. In the broad — = | 

ee picture of transportation, water complements the land carriers. It should be 
recognized that each form of transportation is best suited to their en eee 
jobs. _ Certain bulk cargoes are best suited for water transportation, on the 

ute ‘other hand, finished products can be handled better by land transportation — 
‘means. Such use should be encouraged. To have an effective free enterprise 

all forms of transportation should be present so that 
industry, and our citizenry will benefit to the 


eae the State of New York ies the crossroads of greater inland 4 
: water transportation improvement and development. With the completion of 


at the St. Lawrence Seaway, great interest ha has been re-aroused for the en- * é’ 
largement of the Champlain Canal and connecting this Canal with a like welll 


tg a way to the St. Lawrence River at Sorel or Montreal. It is probable that such 
; a waterway will develop the the natural resources of northeast Canada to oe 


vill devel 
- oat full potential and be a boon to the economy y of that area and to the Lake i 


_Champlain and Hudson River Basins as well as the eastern seaboard. a 


What the effect of the St. Lawrence Seaway will be on the Barge Canal is 


sie presently a conjecture. However, it is anticipated that the New York =| 
j 


ports, located on the Great Lakes, inland on the canals, and along the St. 
_ Lawrence e River, will expand and develop. A logical outcome for those areas, 
~ therefore, : should be expanded and new industry and increased population. 

_ Such growth will require a greater flow of raw and finished products and ma- 
nd terials, into and out of these areas, many of which can be most economically 
a . ‘moved by water. it would seem, therefore, | that these two ) waterways will - 

_ complement each other and will no ane generate water-borne traffic for ea 
es fa _ It appears from this paper that the destiny of New York, the Empire State, 
_ is tied in with canals and water transportation. The early canals brought pre- 
_ eminence to the State in agriculture, business, commerce and industry. They 
4 developed the interior of the Nation and made New York City the leading ‘port 
and financial and manufacturing center ir the Nation. _ There is much undenia- 
3 ble historical fact that the Barge Canal has helped the State and its cities to ! 
- maintain this agricultural, financial and manufacturing pre- -eminence. What 
_ benefits will accrue to the State and its people by the St. Lawrence Seaway and 
_the development of deep water transportation from the Hudson to the St. , 
Lawrence River by way | of Lake : Champlain, only time will tell. _ However, if 
the past and present benefits of canals can be taken as an indication of the 
_ future, then the continued growth of the economy of the State and a great . 
portion of o our Nation is assured. | 
_ Surely, no one can doubt that the people of New York State made a sound 
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WATERWAYS AND HARBORS DIVISION 


SUPPLY AND LOSS OF SAND TO THE COAST 
A summary of the various sources él dit supply ant loss of sand to the coast 
is presented with special application to a reach of the coast of California. otha 
Where possible, a quantitative estimate of the annual amounts of sand yytied 
or lost is presented. | The need is indicated for further investigation o: or re- 
search on those phases of the » problem where methods and procedures ‘e 
| limited or totally lacking for estimating annual rates of supply or loss of sand. er 
i. Man-made modification of the physiographical balance of the watersheds 
the country has become of increasing importance + as the population and the 
use of the land have increased over the e years. Perhaps the first compre- We 
hensive discussion of this problem was that of Sonderegger (1935) where at- _ ue 
tention was c called i to the effect on the physiographical b balance of si such h conser- g 
vation measures as (a) changes in the watershed cover, (b) effect of regulation = ae 
on the natural balance of a stream system, and (c) effect of debris barriers — roe ¥ 
on the stability of the stream bed or the debris cone. Related to these ~ 


problems is the following question which is often asked in coastal ‘communi- — a 
ties: “what is the effect of the construction of dams and other stream regula- — 
tory works on the supply of sand to the coast, with particular reference | to the a 
permanency and stability of our beaches?” To answer such a question | re- 
quires an appraisal of the approximate magnitude of the various sources of 
supply 2 and losses of sand to a given coast line. The most probable s sources © a: 
losses of material are generally considered to be as follows: 
Note: Discussion open until February 1, 1960. To extend the date one month, a 
_ written request must be filed with the Executive Secretary, ASCE. _ Paper 2177 is 
part of the copyrighted Journal of the Waterways ‘and Harbors Division, a, P, Be 
| the of C Civil ‘of Cai, Berkey, 85, No. ww 3 1959, 
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_ ~~{a) Major streams, e) small streams and gullies, (c) cliff e erosion and 
a slides, (d) onshore movement of sand by wave action, (e) wind action. | ‘ 


Jt of these may on some a a shoreline; 
Pe whereas, in other reaches only some of the factors may be effective, with © 

others being either non-existent or of such minor importance that they can f 

r “neglected in an overall material balance. > Methods are available to estimate 

f the approximate magnitude of the quantity of some of the supply and loss 
__ factors, but in other cases the ' magnitude can be estimated only qualitatively. 

‘It is the purpose of this paper to review briefly the present state of knowledge 

i on these factors and indicate where further investigations or research are © 

q _“Recessary for a better evaluation of the processes involved. 
a study ofa particular shoreline it is convenient to study each physio- 
graphic wnit separately. The unit in this instance is defined as a shore area 
an limited that the shore | phenomena within the area are not affected by the 

‘physical conditions in adjacent areas (Mason, 1950); that is, the energy nail "q 
"material available within the area are not dependent on adjacent areas. In 
instances the boundaries of a unit are well defined; whereas, in 
- cases what is now considered to be a definite unit might after further study — 

Prove not to be such. Generally, the boundaries of physiographic units consist 
such features as prominent headlands, ‘man-made littoral barriers, sub- 
‘marine ‘canyons, or other shoreline features, which prevent the movement a 

sediment into and out of the shore area under consideration. = = 
t The ‘relative stability ofa a shoreline within a a given physiographic ut unit is 

dependent on the material and energy available to the shore. "Wave | action is. 

te primary source of energy, but since the wave characteristics are changing 
continuously, a particular shoreline apparently never reaches complete sta- 
bility when short periods of time, such as days or or weeks, a are considered. i 

- However, from the long-time point of view, such as a year or a decade, where 
zz supply and loss of material to the physiographic unit and the supply o of 

wave energy a are not altered by man-made structures, the shoreline area is ® 

_ comparatively stable. Thus, the average annual rate of supply of material is 

equal to the rate of loss for the average annual rate of expenditure of wave — 

energy. Any r man-made changes to z any of these rates might well result ina 

_ progressive change in the shoreline configuration until a new conditionis 

_ reached which will be in equilibrium with the altered material-energy balance} 

The time > required tc to attain this new y equilibrium c condition depends toa a great 

4 extent upon the relative magnitude of the various methods by which material 

is either supplied or lost from the shore area under study. 

To illustrate the methods involved in making 1g an appraisal of the supply and 

; nt hae of sediment to a coastline the reach of the California coast extending _ 

_ from Point Lobos, south of Carmel, to Santa Barbara has been selected © “a 

Bs " (Fig. 1). This reach has been selected because it appears to be isolated from 

~ the remainder of the coast by littoral barriers. That is, the Monterey Penin- J 


_ Sula and the Carmel Submarine Canyon appear to be definite barriers by which 


no sand from the north coast can pass. Since the construction of the Santa 
Barbara in 1929, the harbor has served as a littoral 
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September, 1959 
‘waineter~ -except possibly for some | of the relatively fine material whieh is” 
, - moved in the greater depths seaward of the breakwater. There may be other 
- complete littoral barriers moeeenrens these two extremities, but if they exist, [| 
- they are not known at the present. Surveys of the accumulation of sand in 
_ Santa Barbara harbor since its construction in 1929 have shown an average 
littoral transport c of approximately 280,000 cubic yards, , (Johnson, 1957). The 
_ principal sources of this net downcoast drift is not known, but it has been as- 
_ sumed to come principally from the streams. If the streams are the principal 
; source of sediment » then the regulation of the major streams by reservoirs 
is necessary, however, 
‘- mentioned above, to also arrive at an estimate of the other sources and © 
— losses of sediment to finally appraise the effect of reservoirs in causing a re- 
BS danced supply of sand to the coastline and thereby endangering the recreational 
: o of the beaches further south in Southern California. The following dis- 
cussion indicates the possible approaches in evaluating the of the 
__ various sources and losses of sediment mentioned above. __ 
Characteristics: Physiographic U Unit 
hie ‘The reach of the California coast under study is shown in Fig. 1 with the 
~ principal streams, , watershed limit, and the distribution of average a 
_ rainfall indicated. The northern part of this area is characterized by a rela- 
tively large number of small streams with high elevations and high rainfall | 
; occurring at the upper limits of the watersheds. In fact, the rainfall in this 
section is one of the highest in the State. Near the lower limit of the unit, two 
‘major streams, the Santa Maria and the Santa Ynez, enter the ocean. Rainfall 
on the watersheds of these ‘streams, however, is appreciably less than in the 
northern part of the area. To obtain a conception of the distribution of re 3 
size, 1 maximum elevation, and precipitation with distance along the coast, 
Fig. 2 has been prepared. For convenience, the groups of streams used a tel 
u California Department of Water Resources (1957) in planning the ‘full utilizatiot 
of California’s water resources are indicated on this chart. One curve on 
_ Fig. 2 shows the accumulated drainage area in square miles starting with © 
Point Lobos at the extreme northern limit of the unit and extending to the ex 
_ treme southern limit at the Santa Barbara breakwater. It is evident from an 
_ eXamination of this curve that the contribution of drainage areainthe 
_ Monterey-Carmel and the San Luis Obispo Groups, which involves about 148 
of the 245 mile coastline, consists of relatively small streams. The major 
en nicer of drainage area in the entire unit comes from the Santa Maria 
Valley and Santa Barbara Groups. ee The drainage area contribution from each 
_ group of streams and the average contribution per mile of coastline are _ 
a post: skater in Table 1. Of value in giving information on the number of Gg 
ee basins of various sizes, are the | data shown in Table 2 as compiled 
ge U.S.G.S. quadrangle sheets. _ The first line in the table shows the number 
m of drainage basins in each size “range. . The second line shows the total square 
4 _ miles of of drainage area in each | size range, with the third line | showing the per- 
tal ag centage of the total drainage area in each range of size. _ It is of interest to | 
ra _note by inspection of lines 1 and 4 that 74 per cent of the entire drainage area 
is contributed | by ae 8 ‘streams which have drainage areas 
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Fig. 2. Cumulative distribution of drainage area with distance from +¥ 
es Pt. Lobos. Maximum elevation along the watershed boundary 


The second curve in Fig. 3 shows the maximum samen in the various — 

drainage areas of the more important streams in the unit. This line repre-_ 7 
Sents the variation of elevation along the watershed limit of the entire unit 
shown in Fig. 1. The variation of average annual rainfall over the entire area | 
is shown in Fig. og Thus, as stated above, the physiographic unit consists of tie 
small steep streams with high rainfall in the northern section with larger amt 
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Santa Maria valley 1980 


A - governed by its availability in the watershed is termed “wash load”, and that 
_ part which is governed mostly by its ability to be moved in the stream channdj 
_ is termed “bed material load” (Amer. Geophys. Union, 1947). _ Observations | 
of sediment sizes existing on a large number of the Pacific Coast beaches ex- 
posed to full wave attack indicates that very little material finer than 0. 2% 
fae - millimeters is found on these beaches (Bascom , 1951). Material finer than 
this size when delivered to the coast is carried seaward into deep water asa 
E result of wave action and currents in the nearshore area. . This fine material 


a which is usually the wash load of streams is not a an important factor in the 


nourishment of beaches. Consequently, in the discussion to follow, consider- 

ation is given only to the erosion, transportation, and deposition of material ; 

, the bed-material load. 


4 Sand 1 Supply by Major Streams 
‘There are two major streams which ocean the limits of the 


length of shoreline under study. These are the Santa Maria River (1843 sq. 
mi. drainage area) and the Santa Ynez River (924 sq. mi. drainage area). The 
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ape average — rate of transport of sand coarser than an 80 mesh sieve (0. My | 
mm) for these rivers has been computed by application of the Einstein bedloalf 
formula (Einstein, 1950). Such calculations require that for a selected alluvij 
reach of a stream the hydraulic characteristic (cross section and slope), sed 
characteristics (mechanical analysis of bed material), and the dischargl 
a characteristics (flow duration curve) be known. In the Santa Ynez River a — ¢ 
a reach was selected near Lompoc, California where aU. $s Geological Survey 
stream , gaging station has been in operation n more or less continuously since 
- 1906. Channel surveys were made to determine the existing average channel § 
cross section and the channel slope. Bed samples were obtained and subjectel 
to mechanical analysis for | grain size determination. Similar channel data § 
were determined for a reach of the Santa Maria River near Guadalupe wheal 
stream gaging station has been in operation since 1941. 
‘From the ‘stream-flow records of the Santa Ynez River, two flow-duration 
‘one were prepared (Fig. 3). The first curve was for the period 1906 to © 
arty when the station was in continuous operation prior to any regulation by 
upstream r reservoirs. The second flow-duration curve for the same station 
7 _ the Santa Ynez was prepared from stream flow records for the 13-year periot 
‘ = 1954 when regulation was in effect (Fig. ss This 13-year period was — 
selected to permit a comparison « of average annual contribution with the Santa 
Maria River, this period being the limit of available records of the a 
3 In the Santa Maria River, no regulation by upstream reservoirs existed - 
until the construction (started in 1957) of Vaquero reservoir on the Cuyama 
. River which is one of the major branches. A flow-duration curve for t the 
:§ Guadalupe gaging station for the period 1941-1954 is shown in Fig. 3. a = 
a Under the assumption that the reaches on both the Santa Maria and the San 
- Ynez Rivers are in equilibrium with the sequence of flows that has ae aa 
i in recent years rates of sediment transport for various sediment sizes was | 
calculated for various discharges by the Einstein method (Einstein, 1950). A ya 
summary of the results of these computations for the two rivers is shown . 
_ *Fig. 4 in which the daily rate of sediment transport for various grain sizes 
a greater than 80 mesh is plotted as a function of discharge. | The relationships 
_ shown in these plots give the capacity of the streams to transport the various 
sediment of bed material at flows and are termed the “sedi- 


n, 1950). The sediment function when 
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ae use of the sediment functions in Fig. 4 and the flow- -duration what for the * 
> corresponding streams in Fig. 3, Cumulative totals of bed-materials load have} 
been computed and plotted in Fig. 5. The average annual load of sand of sist 
oe greater than 80 mesh (0.177 mm) that can be expected to occur in the present 
: river channels with a sequence of discharge based on streamflow records for | 
the period 1941-1954 are summarized in Table 3. Also shown in this table | is 
2 the average annual load in the Santa Ynez that could be expected to occur in 
. ier the present river channel if an average sequence of flows should occur as ob- 
a served in the period 1906-1918 and characterized by the flow duration curve 
ak for this period (Fig. 3). _ Examination of the first two lines in this table shows } 
i that the annual load in the Santa Ynez River was approximately 3 times that of} 
_ the Santa Maria River for the flow conditions based on the same period of | 
= (namely 1941- 1954). “ ‘This difference in annual load of the two rivers 
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“Te Fig. 4. “The Einstein bed-load function for the Santa Ynez and 


ri Comparison of the average annual rate of bed- material load in the Santa 
Ynez River for the periods 1906- 1918 and 1941-1954 should not be interpreted 

rata 
_ that regulation by reservoirs as existed during the latter period was responsi- 
_ ble entirely for the greatly reduced load in recent years. The flow- -duration — is 


F ~~ curve obtained from the 1941-1954 discharge records was the basis for annual mo 

sad ‘Toad calculations from the sediment function. _ The shape of this flow-duration _ 

of sizes _ curve was the result of both reservoir regulation and less rainfall than that 

present F which occurred during the 1906 - 1918 period. The comparison of annual rain; 
rds 8 | fall in decreasing order of ‘magnitude is shown for both periods in Fig. 6. It — ; 
ar } is evident that except for the year of maximum rainfall in each period the — a b 


Fe annual rainfall in the 1905-1918 period was invariably the highest of the two <7  &g 
be | periods. Although these rainfall records are from Santa Barbara, which 
curve outside of the Santa Ynez drainage basin, the rainfall in the two areas probably ae 


> ShOWS § were closely related, such that the data in Fig. 6 wnieates. the relative —_ * 
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a thee Rivers for which the bed-material loads were computed, wd summarized 
_ in Table 3, are located several miles from the ocean—6 miles in the . case of _ 
_ the Santa Maria and 12 miles in the case of the Santa Ynez. Over a period of 1 
_ Many years when these streams were unregulated, the channels were in equi- 
librium and the average annual loads passing these reaches probably w were a 
= to the amounts reaching the ocean. Thus, whenever a reach of a channel 
Z which has a sediment function, and which is usually called an alluvial reach, 
= _ shows a low or zero rate of deposition or scour, the ‘sediment function . may be 
_ interpreted over a given length of time to determine the total or average bed- 
"sediment supply of the drainage basin above. _ Basically, the sediment ‘Supply — 
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Small Streams and Gullies q 


September, 


indicator of the sediment supply. 2 
sdf, however, the downstream movement of sediment is prevented by the ; 


are altered aggrecianty by this regulation, then a whole new average sequence 
of flows occurs and a “new river” is in existence. The supply and transpor- c 
- tation of sediment in the channel is thereby altered with the result that scour 


or deposition may occur and progressive changes in the channel character-— 


ment loads shown i in Table 3 for the alluvial reaches of the Santa Maria and ' 
Santa Ynez represent sediment capacity today, alterations in both load ar and 
channel condition can be expected in the future if the regulation is appreciable, 
~The time for such changes to take place and the time for the channel to come © 


areas, as | is evident from Fig. 1, also discharge into the ocean in the ie 
reach between Point Lobos and Santa Barbara. Starting from the northern part 
of this reach, those streams with a drainage area of 40 square miles or more 

are shown i in Table 4 along with the size of the drainage area and the beginning 


date of stream flow records (Fig. 1). Fora a variety of reasons, the average _ 


| = annual load of sand that these streams are capable of contributing to the shore- 


_ line cannot be estimated as was done for the Santa Ynez and Santa Maria i 
= etn For example, on the Little Sur River, Arroyo de la Cruz, Santa Rods 


££ reek, and San Luis Obispo Creek, the annual sand contribution cannot be esti- 


; ys mated by application | of the Einstein sediment function because either alluvial 
reaches or flow-duration curves (i.e. stream- flow records), or both, do not 


‘The contribution from the streams, however, might possibly be estimated, 
at least qualitatively, by procedures ¢ on estimating sediment yields as dis- - a 


_ cussed in the following section on small stream and gullies. | Alluvial reacts 


however, ‘the ‘existence of lagoons a as s well | as sand dunes near r the | mouths of 
_ these streams would appear to restrict the amount of material that these 
_ streams are capable of delivering to the ocean. In the case of Morro ‘Bay and 
the Goleta Slough, the lagoons are of such size that the passage of sand through 
them | from the upland areas appears to be extremely small. 
= _ Examination of Table 2 shows that 20 per cent of the entire drainage basin © 
<td study consists of a large number of streams with drainage areas less — 
than 40 square miles, and over seventy-five per cent of these smaller streams 
aes have drainage areas | of 2 square miles or less. Some o of the streams contain — 


oy: alluvial reaches in which an Einstein sediment function could be derived; how- 
te i ever, streamflow data are not available to permit an estimate to be made of fis : 
: the average annual contribution of n material in the sand sizes. ‘The contribution | 


- from these small streams which constitutes about 20 per cent of the total 
area, therefore, requires the of other in 
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Various U. s. G Government agencies, particularly the Soil Conservation 
| Service and the Forest Service, have been actively engaged in | determining the is 
_ sediment yield in drainage basins with a large variety of size, topography, _ _ y 
. cover, and rainfall. Sediment yield in this sense is defined as the total sedi- 
- ment outflow from a drainage basin. f The sediment yield includes sediments of 
_ all sizes and usually is expressed in tons of sediment per square mile of a 
_ drainage area. Two principal methods have been used in estimating the sedi- 
ment yield of a drainage basin (Glymph, 1954; Gottschalk, 1957 a & b). “They — 
are: (a) Surveys of sediment deposition in reservoirs, and (b) Measurement : 
of the sediment load of streams by sampling techniques. Both ofthese pro- __ 
_ cedures require observations extending over a period of time of sufficient — 
_ length to permit a reasonable average rate of sediment yield to be established. fe ; 
Such data usually have the disadvantage that the sediment quantities are not ae 
_ expressed in amounts of the | various sediment sizes. . For example, only that 
material measured in a reservoir sedimentation survey of the sand sizes 
would be of significance in giving an estimate of the quality of sand delivered» ia 
_ to the coast line; however, only total amounts of sediment usually are given. 3 ih 
=: In the case of suspended sediment load measurements, only the fine ma- _ 
_ terial in suspension usually is sampled, with the result that the of 


_ carried by the stream is is underestimated | by this Procedure. 
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' i for the area under consideration in this study little or no data using the above 
- 4 two ) procedures have been obtained. The extent of such data has been summa- 
‘rized by Flaxman and High (1955). _ The observations show that only recon- — 
“naissance type information is available in limited areas is the drainage basins 
of the Santa Maria and Santa Ynez Rivers. aheh 2 a be nel 
ef Considerable study has been made by the U. S. Department of Agriculture 
_ With a view to predicting sediment yield on the basis of erosion eeerenne 
; in a drainage area. Such studies involve extensive plot studies as well as 
_ estimates of aodimont delivery rates by sheet and channel erosion (Glymph, : 
1957). . Here again, however, as in the case of the direct measurement of sedi- 
_ ‘ment yield by either sedimentation surveys or sediment- load i sampling, little 
or no data have been obtained for the coastal area under discussion (Flaxman — 
and High, 1955). Sediment yield predictions by the erosion method has the  __ 
4 same disadvantage as the other methods—namely, that the portion of the sedi- : 
yield which is in the sand sizes is not given. 
: _ Where basic data become available on any of the above procedures for esti- 
iL sy mating annual sediment yield (refined to give the yield in the sand sizes), b4 
estimates of annual sand contribution by small streams to the coastline under 
a study perhaps can be made by transposition of data from comparative drainage 
basins. For example, a procedure in estimating the sediment yield of streams 


—_— bi _ with similar drainage area characteristics has been developed by Anderson © 
i. (1949 and 1957). This method relates annual sediment accumulation to such 

' a factors as maximum yearly peak discharge, area of main channel of the drain- 
} 5 age basin, and cover density on the drainage basin. The acquisition of the _ 


_ necessary field data for application of the method to the coastal area under q 
: consideration is beyond the scope of the present study; however, a program to 


obtain the required basic data could be established. A necessary requirement 
in the basic data would be the determination of yield of the sand sizes rather 


than merely the total sediment yield. 

The contribution of material from cliffs by direct wave action probably is" 


relatively small for most of the coastline under consideration. The sugges 


i which are mostly finer than sand when erosion does occur. Southward 
_ of Morro Bay it appears that erosion of some of the cliff areas might con- — 
* _ tribute ar an appreciable supply of sand to the shoreline. This appears to be the 
a case in particular on the leeward (southern) side of prominent headlands i? 
oe where erosion of the less resistant base material has progressed and murs 
_ hook bays which face southward. For example, the low cliffs south of Point 
Purisima consist of a rather loosely consolidated sandstone which at extreme 


sistant to erosion. Also, these rocks consist of material which produce sedi- 


‘nounced because an accumulation of sand i against t the headland exists to pene 4 

a wide beach and thereby afford protection of the cliff against wave action. 4 
To arrive at even an approximation of the annual contribution of sand to the 
_ shoreline by cliff erosion would require rather detailed investigations which 7 
_ are beyond the scope of this study. In addition to an examination of old maps — 
1 photographs ce: certain detailed systematic field studies would 
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necessary, such as was done by Chieruzzi and Baker (1958) in their studies of 
bluff recession along Lake Erie, to appraise the annual contribution of sand © one 
Closely related to cliff erosion is the contribution of material by slides in- a 
duced either by natural forces or man made operations such as road cuts, etc. 
In some localities the cliffs are overlain with an easily eroded material which 2 4 


ments might be moved into the ocean by such factors as failure of the underlying ey 

B. cliff by wave action, rain impact, sheet and concentrated runoff, weathering . 
ph, action, frost action, subsurface moisture, etc. (Chieruzzi and Baker, 1958). iF 
f sedi- — To arrive at an estimate of the annual sand contribution requires rather de- y nl 
little tailed field studies as well as information from local inhabitants, as to the — 
cman “tent of slides which have occurred in the past. For example, the California 
he —s«|_:- Division of Highways has certain valuable information on slide material evel 
sedi- into the ocean along State Highway Route 1 between Point Lobos and Morro © 

3 most critical reach for such ‘contributions is located in the 62 mile 

r esti- Reach between Garrapata Creek on the north and San Carpojo Creek tothe | 
5 south: (8.5 and 70.5 miles, respectively, below Point Lobos). A summary of 
under the various localities and ‘amounts of sediment as presented by the 


a Material disposed of which results from gutter slough — 
and minor small slides during a normal one-year period cu. 
2. Annual roadbed restoration at Willow Creek Slipout, 


Annual roadbed restoration at White Creek ‘Slipout, 50 ca. 


Slide material deposited on slope to ocean near we 

ha = Limekiln Creek in 1 August 1952 and since December eseinacinmannels 

2 The above estimate of quantities is based on current slide activity inthe | 
area and would not be indicative of the quantities of slide material that may - 2 
have reached the ocean in the earlier period following the original | construction ia 
of this road when the cut slopes were far less stable than at the present time. 
Items 2 and 3 cover areas where there is a continual and gradual vertical — a 


“settlement of the roadbed section which requires about | 500 cubic yards of ma- a 


terial a year at each location to maintain the grade across the areas. It is to —_ 
bs recognized that the material contributed by these slides is a gross amount, = 4 


and the quantity of material of the sand sizes would be ny less than — 


rmed 
pint a) 
treme 


=n . Oter locations where slides have occurred from time to time are south- ud Py 
flains poe from Point Arguello. The best known slide areas are those localities best re | 
the where the Southern Pacific Railroad tracks have been damaged. amoun ts 
of material contributed by such slides, however, is not known. 


Onshore Movement of Sand by Wave Action 


he rate of movement of sand in fairly deep water as induced by a i i] A 


| action is gy be to evaluate with the present state of knowledge ofthis 
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Se tember, 1959 
by Li (1954), and Kalkanis (1957) provide ad 
4 basis for i yreeey the contribution of sand toa shoreline by this mode oe 
ua 
by ‘Trask (1955) indicates. that sand probably is moved by w wave 
2 action at relatively large depths. This finding was confirmed by the work of i 


wave action to exist at great depths. 


an General evidence indicates that the annual rate of movement onshore from 
the Corps of Engineers in in which dredge ‘material was 3 spoiled relatively close 
inshore with the expectation that ‘wave action would transport the sand onshore 
that lost erosion. These tests were made at Long 


that “From evidence—this method will not provide nourishment at 
4 suitable rate to justify its general use” (Hall, 1952). 


In the rea reach of the coast from Point Lobos to Santa Barbara: 


tol be no contribution to the coast by wind action because the prevailing winds | 
are onshore. In those instances where a low area exists landward of a promi- 
nent headland, such as Point Sur, Piedras Blancas, Point Purisima, ete. , sand 
4 _ is moved by wind action from the area of accumulation on the northern side § ™ 

a the point and re- -enters the ocean on the southern or leeward side. _ ‘The net 
result of this action does not provide a supply of sand to the coast. 


All of the sand that is delivered to the shoreline of the physiographic unit : 
under study does not eventually | reach the harbor at Santa Barbara because of 
losses which occur as a result of certain natural forces. The more important © 
“causes of sand loss to a shoreline were listed above in the Introduction. = A= 
Santa Barbara reach of coastline is as follows: ME 
a (a) Movement Offshore into Deep Water 


ys ‘Material delivered to a shoreline by any of the methods discussed above 


under the heading “Sources of sand supply” might be ‘moved into water off- P 
_ shore and come to rest in depths too great for natural forces to again move it . 
back onto the shore. _ There appear to be several phenomena which could cre- 
ate such a condition. — First, the force of the supplying agency, V whether | itis 
_ by the current of a river or by wind action, might initially < carry the sediment 
into depths which are too great for the forces of wave action and coastal _ 
_ currents to later move the material shoreward. . Also, material Piven to ‘ 
the surf zone is sorted by wave re action, with the finer fractions being carried 
_ seaward, with only the coarser fractions being able to remain in the very — 
ba turbulent surf zone. Bottom samples generally show a reduction in ‘mean — ee 
grain: size with distance seaward from the : shoreline. In times s of exceedingly 
a high wave action a shoreward movement of material from offshore probably — 


occurs sasar result of the forces discussed by Li (1954), , Manohar (1955), and a 
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place in and n near r the surf zone. 


ow Where material is moved | along a shoreline as littoral drift, a loss of sand 
may occur where the head of a submarine canyon comes close into shore. In < q 
such a case the | sand falls } into th the canyon head and continues to accumulate. __ 
- Periodically, the fill becomes unstable and slides down the canyon beyond the 
- reach of forces which tend to move the material onshore (Shepard, 1951). son 4 
This sand in the canyon therefore becomes permanently lost as a source of 
sand supply to the downcoast t shoreline. The submarine canyons along the o 
- Pacific coast were first studied by Davidson (1897). In more recent years, per 
Shepard and Emery (1941) discussed the canyons a along the California coast. 
As previously ‘mentioned, the Carmel Canyon is assumed to serve as a ‘natural - ; 
littoral barrier at the northern end of the reach of the coast under study. 4 
Q Three canyons exist between Point Lobos and the breakwater at Santa Barbara v 
- which is the southern limit of the reach. These are are the Sur- Partington, Lucia, — 
and Arguello canyons, (Fig. 1). The extent to which these canyons serve aS g 
littoral barriers is not known, but the work of Shepard and Emery (1941) indi- . ae 
cates that ‘perhaps’ the Partington canyo canyon is the on only barrier because the head ae 
of this canyon extends almost to the beach; whereas the other canyons head at _ 
a considerable distance from shore. _ The Sur and Lucia canyon head about 3 : 
| miles from land, and the Arguello Canyon heads 10 miles off the coast. peas ; 
| _ The only known measurement of sand movement into submarine canyons is 
that at the La Jolla Canyon I near the > Scripps Institution of Oceanography. > a 
submarine canyon probably | is not representative of all the canyons, and also nee 
the measurements to date are too meager to permit even an approximate esti- 
_mate of the average annual | loss of sand | by this process. Of c considerable im- ae 
“portance to the ‘supply , of sand to Southern California beaches would be studies — ef 
of the sand loss into the Hueneme and at port canyons Point Dume. These | * &g 
canyons are, of course, beyond the limits of the present study; but they are beck 


importance toa ‘comprehensive study of the entire California shoreline. 


‘(c) Accretion against Littoral Barriers: 
Littoral barriers may be natural or man-made, and they may be partial or 
complete. A natural barrier might be either a headland or a submarine send 
canyon. In some instance, headlands which previously were considered to be 

te littoral barriers now appear ir not to be barriers. . For example, eek 
(1955) in studies of bottom conditions in the vicinity of Point Conception, Point 

Arguello, and Point Dume showed that sand definitely moves around these | fem a 
"Southern promontories. This movement probably takes place in the larger 


depths offshore by the mechanism discussed by Li (1954), Manohar (1955) and 


- turbulence as sugge ted by Chien (1956). The accumulati 1 the pee 
: gg s y ation on the upcoas 
side of such headlands has proceeded throughout geological time, such that an 
equilibrium condition in terms of sediment supply, upcoast accretion, general F 
shoreline configuration, etc. appears | to have been established. That is, ona — 
Fre term average the sediment supply reaching the upcoast side of the e head- ? , 
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ide of a a headland — be insufficient t to move the around the barrier. 
" Consequently, accretion will occur in the upcoast area until the temporary if } 
é storage volume is exhausted or v or wave action and other natural forces become — 
- sufficiently large to move this temporary accumulation of material out of the 
. ‘storage : area ea. Geologically speaking, therefore, the accretion at a headland 
_ may reach a condition where the headland no longer s serves as a ‘complete 
littoral barrier; however, on the short-term basis of a single season or a pro- 
longed i climatological c cycle, an accumulation of material on the ‘ upcoast sic side 
of a promontory may occur and result in an erosion 1 problem o1 on the downcoast. 
_ * submarine canyon, in some instance, may serve as both a complete and 
4 ; partial littoral barrier. ‘The: accumulation at the head of a a canyon may become 
bs of such a size that littoral material bypasses the canyon. A slide may then 
- occur and the canyon becomes a complete barrier until the accretion reaches 
such proportions that littoral material again passes the canyon head. 
a In the case of man-made littoral barriers, shoreline structures often act — 
as littoral barriers—at | least: for a of time after completion of 


In the reach of study three breakwaters have con- 


», are located at Morro Bay, San Luis Harbor, and Santa 
‘Barbara. The Santa Barbara breakwater at the southern end of the reach ap- 


_ pears to serve asa complete littoral barrier. Measurement of the accretion 
at Santa Barbara has permitted a reliable estimate of the rate of littoral 
transport to be made for this section of the coast (Johnson, 1953). rates 
De The breakwaters at Morro Bay appear to have reached an equilibrium con- 
dition : and littoral material apparently is moving ng past the harbor entrance. At 


Py: is no accumulation inside the breakwater tip as occurs at Santa ‘Barbara. 
Because the San Luis Breakwater was constructed on a rocky underwater 
ridge, it is possible that, prior to construction of the breakwater as well as at 
29 the present, there is sufficient turbulence to insure that littoral materials me | 
a completely bypass the harbor. There has been no maintenance dredging in ‘the 
2 7 harbor, but recent surveys do not appear to ) be available to determine whether» 
or not shoaling of the area is actually occurring. 
@ Removal of Sand for Construction 


At a few localities along the California coast, sand and gravel have aa 


_ removed from beaches and nearshore areas for construction and other com- ts 

_ mercial uses. Removal of such material from below the high tide line can bee: 
done only by State permit, and the quantities removed must be reported. mes 
> addition to the direct removal of material from the beaches, sand and gravel — 
ve often is removed from stream beds upstream from the high tide line. . Depend- 
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tively small. For autiath; tite compiled by the California Division of Mines 
(1957) show the following quantities of sand removed from this reach for the a 
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It should be e recognized that the removals from the Santa Ynez and ‘Santa Ty 
Maria Rivers were made at at relatively large d distances from the ocean and any — 
effect on the stability of beaches by the removal of such ‘relatively. small =i Ne 
quantities would be difficult to estimate. Also much of the material removed © 
from these two rivers is of the gravel and small boulder sizes which are are of 

small importance as a source of sand to the coast. ag ode” v5 


along the Point Lobos-Santa Barbara reach of shore- _ 
line where considerable amounts of sand apparently are moved inland from © 
the beaches by wind action. * These areas generally are on the upcoast side of 
headlands where sand has accumulated over geological time as discussed in 

item c. The prevailing onshore winds acting on these areas of deposition aad peu 
moved sand inland, sometimes for several miles. Examination of aerial ele 
photographs of the coastline has shown that the areas of most active sand Fy 
movement by wind are in the vicinity of Morro Bay and in the reach which e ex- 
tends from Pismo Beach southward almost to Point Ar guello (Fig. oe _ Minor aE 
sand losses occur in the vicinity of Point Sur, Point Sierra Nevada, Piedras 


Blancas Point, San Simion Point, east of Goleta Point, and upcoast from the - 


Santa Barbara breakwater. In a discussion of the geology of the Santa | i 


district, Woodring and Bramlette (1950) have considered the dunes of the area me _ 


Modern dune sand; drifting MOMS 


eis inte’ are indicated in Fig. 1. Not shown in this figure are the inactive aig 


or old dunes which extend many miles inland, , particularly in the Santa oe 


Valley. Old dunes are found elsewhere along the southern California coast, as 


for example, between the north border of the Palos Verdes Hills and Playa —_ 
Rey, in County Bramlette, and Kew, reason 
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“for the present inactivity, of the large area of old ‘dunes i is but proba- 


geographers, has been devoted to sand dunes and related Most ts 

these studies have been concerned with dune forms as related to sand supply, 

vegetation, wind, precipitation and other factors (Melton, 1950; Hack, 1951). * 
_ Some data are available, however, on the distance which dunes advance p per 

year. _ For example, Ranwell (1958) summarizes the annual rates of dune | 
-movement as measured by various observers, as well as presenting certain 
4 measurements of his own in Wales. These data are presented in Table 5. . 

Table 5 the, « 
_ RECORDED RATES OF DUNE MOVEME we 


Kurische 


Gascony Franc 
Morfa Hariech, Wales (max. 


Freshfield, South Lancashire |  18- 


Crude as these various measurements probably are, such data do permit a 


rough estimate to be made of the annual rate of sand that could be moved in 
a land from a beach. _ For example, with a dune 50 feet high which moves about | 
4 Pi 10 feet per year, approximately 2000 cubic c yards of sand per year would be — “con 
transported per one hundred feet length of dune crest. Snub zon 
. — In addition to these rather qualitative studies on sand movement , consider- oft 
able work has been done on the fundamental mechanics of sand transport by cif ma: 
_--—s wind. +The earliest work in this field \ was .s that of Bagnold (1954) which involved | fos 
&§ ee both laboratory and field studies. His studies showed that the rate of sand _ _ bee 
g transport : is a function of the shear stress and the sediment characteristics. } fro: 
Later, work in this field was done by Zingg (1953) and Cheffel (1945, 1946). oad - the 
Unfortunately, the procedures and techniques are not sufficiently well Lo 
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3 "SAND SUPPLY 


and the distribution of wind appear to offer the best possibility 
arriving at reliable estimates of annual rates of sand loss by wind in various © 


d localities. Such studies, however, were beyond the scope of the present in- 

(9 Abrasion b by Wave e Action 


Ont oft the in the surf zone is to abrade the 


‘bent supplied to that region. The relatively fine material resulting from such | 
abrasion is carried seaward d by currents and probably thereafter is never 
studies on the problem of sand abrasion have been made (Mason, 1942) and —- 
apparently the loss of material from the littoral zone by this process is ex- 


tremely small and, therefore, not an important factor in the overall material : 
| balance to a shoreline. pie 


ine 4 
SUMMARY 


-™ the reach of the California coastline between Point Lobos and Santa _ mi 
year are transported ros 


Barbara, approximately 280,000 cubic yards of sand per y 

as littoral drift and deposited in Santa Barbara Harbor. This quantity of ma- 

terial i is the net Bprogaction | of sand from the Various processes 


n of the material which reaches the point of Sante 
Barbara. It appears that the remaining streams in the drainage area are the 
next most important contributor of material, followed by cliff erosion and x 
slides; but even approximate quantities of material from these sources are 


difficult tc estimate at present. Similarly the contribution of sand from — 


shore is completely an /unknown factor, but it tis probably relatively 
‘small. The contribution of sand to the c coast by wind action is negligible since — 
the winds generally are onshore. Since the streams appear to be the major 
contributors of sand to the coast, any factor or factors which tend to reduce | 

_ this source of supply would eventually tend to affect the stability of the beaches - 

| in the area. It is possible, however, that the reduction in sand supply from — a 


cliff. erosion, “such that downcoast delivery of sand by littoral arift will not 4 
, Of the total amount | of material delivered to the littoral zone, certain aye 
occur. es Some of the fine material is carried into deep water by currents and 
comes to rest in depths too great to be again transported back to the littoral _ 
zone by natural forces. No method is now available for estimating ira 
of material that is lost to offshore areas. Sand losses can occur into sub- ee . 
| Marine canyons, but only the Partington Canyon appears to head close enough — me) 
to shore for such losses to occur. No detailed, study of this canyon head has’ 0 
been made; however, because of the relatively small drainage area a 
from the canyon yead (Fig. 1), it appears that the upcoast supply of sand and ee 
therefore a: any loss into the Partington Canyon is probably relatively ale 
losses by accretion at littoral barriers are negligible 


reach of shoreline such as that in the vi on th of th ities a 
vicimty orme mouth of the Santa Maria 
y SantaMaria 
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appear to be both natural headlands and | 


man-made structures. ‘Removal of sand { for construction purposes also is a 
minor source of sand loss for the reach under consideration. The most im- 
. portant sand loss from the coast appears to be by wind action—particularly in 
7, the area between Pismo Beach and Point Sal (Fig. 1). No reliable methods — 


th available for evaluating s such losses, but the extent of dune aes = 


ut This study was iaitinena with funds provided by | the ‘University of wee 

; California Water Resources Center. . Acknowledgment is made to Professors 

* H. A. Einstein and Parker D. Trask who participated in the field studies and 
contributed valuable suggestions throughout the investigation. _ Acknowledgment 
_ is also made to Mr. H. _W. Shen who made the calculations of sediment load in 
the Santa Ynez and Santa Maria and to Miss Margaret Lincoln who 
the illustrations. 
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‘CHARLES RLES L. BRETSCHNEIDER, 1M. ASCE.—The discussion 
oe Chappelear was most appreciated, and his work contributes much ,: the 


agreement is not too good. His values for all -values are in very ‘lose 
agreement with the equation given by Miche (1944). * 


Ba. (1) iis is to fail for d/L < .09 if the ‘solitary wave theory is accepted as al 
7 - the upper limit for breaking waves in very shallow water. According to the | a 
solitary wave theory for for very shallow water the breaking wave is given 


and 
_ For very shallow water tanh kd tends to kd = = _ 


the wave ‘height 1 13 per cont that given by 
_ the solitary wave theory, Eq. (2). An attempt was made in the original paper 
4 
qi to utilize Eq. (1) as a guide with particular emphasis on Bernoulli’s equation __ 
and also wave data such that in water of infinite depth the breaking wave limit _ 
‘as H/L = 1/7 (instead of 0.14) and in very shallow water H/d = = 0. 78. In this 
respect Bernoulli’ s equation was utilized to obtain very nearly the other a - 
rameters "b/H and L/La as functionsofd/L. 5 
it set of equations for the breaking wave limit which satisfies very nearly , 8 
those results in the discussion (for d/L 2 .09), and which satisfies very nearly 
the wave data of the original paper and also very Bournoulli’s 
= 0.124 tanh kd + 0.152 tanh kd eed “4 
Paper 1568, ‘March, 1958, by Charles L. Bretschneider. 
4, Hydr. Engr. (Research), Beach Erosion Board, Corps of Engrs., U.S Ss. 


Miche, M. (1645): Movedvente o ondulatoires de la en profondeur c con- 
stante on decroissante. Ann. des Poste et Chausees, tome 114, 1944. — 


seLecTION OF DESIGN WAVE FOR OFFSHORE | 
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5 0.177 tanh kd 0.059 (tanh Ka)? 
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4 THE suez CANAL—ITS CHRONICLE AND BIBLIOGRAPHY? 


SHU- LI, F. -To all who have contributed discussions, or 
‘communicated comments, the writer isdeeply grateful 

addition to the discussions published, generous approval as well asen- 
‘couraging comments were also widely expressed by many engineers, pro- | we 
fessors, and canal experts, from five continents. In alphabetical order, they 

are H. B. Blodgett, F. ASCE, Dean, , College of Engineering, University * 
Nevada; C. Boillot, U. S. Representative, Compagnie Financiere de Suez, ce 


York; Francois Charles-Roux, Honorary Chairman, Compagnie Financiere de _ 
Suez, Paris; Dr. N. A. Christensen, F. ASCE, Director, School of Civil Engi- 


neering, Cornell University; Dr. R. P. Davis, F. ASCE, Dean Emeritus, — 
College of Engineering, West Virginia University; George Dunn, Retired Con- a oP 


sulting Engineer, Dunedin, New Zealand; Sigurd Eliassen, M. ASCE, -Consult-— 


ing Engineer, Government Reconstruction Department, Oslo, Norway; = 
'W. A. Fairhurst, Consulting Engineer, F. A. MacDonald & Partners, Glasgow, — 


Scotland; J. Georges- Picot, Chairman and Managing Director, Compagnie at rs 
Financiere de Suez, Paris; Neal D. Howard, Executive Secretary, American | eC 
"Railway Engineering Association, Chicago, Ill.; Professor Shih-ta Hsu, F. 
ASCE, Chief Engineer, Shihmen Development | Commission, Taiwan (Formosa), J 
| China; ; L. A. Loggins, F. ASCE, Chief Engineer, Southern Pacific Lines a 
“Tex. and La.; F. M. Masters, F. ASCE, Consulting Engineer, Modjeski & — 
bemepe Harrisburg, Pa.; S. S. Morris, | ASCE, City Engineer, Capetown, 
Union of South Africa; H. R. Peterson, F. ASCE, Chief Engineer, Northern | 
Pacific Railway; Colonel Stanley G. Reiff, Assistant Chief of Engineers for Ne. 
Civil Works, Corps: of Engineers, U. Ss. Army; Dr. R. S. Rowe, M. ASCE, 
_ | Chairman, Department of Civil Engineering, Duke University; — Pos 
Rowland, Jr., District Engineer, U. Army Engineer District, 
Wilmington, N. ‘Sams, M. ASCE, Principal Assistant Engineer, 
Llinois Central Railroad; F. R. Spafford, Assistant Chief Engineer, Boston _ 
& Maine Railroad; Professor H. S. Sung, Department of Civil Engineering, 


National Taiwan University, Taiwan C. Tammen, = 


facts, geological technical views, and documentary infor 


mations, have greatly enhanced the subject matter. It is the writer’s pleasure it . * 


and privilege to = what follows. 
a. Proc. Paper 1770, September, , 1958, Shu - ien Li. 
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OF THE ISTHMUS OF SUEZ 


“bes BEFORE THE SUEZ CANAL WAS CUT. 


al Compied from plates p pubic in the « Description de "Egypte ». inant de 


maps from the Egypt and derived from the » writings: oe 


ot Lake 


Company 


be 
| 
\ 
| 
| 


| om 


a Shockley feels “it was a little difficult 7 follow the ancient courses of 


the: canal without at least a sketch map.” ‘He proposes to include one in this 
closing discussion. Through the courtesy of the former Suez Canal Company, 
herein is reproduced an n authentic “Map of the Isthmus of Suez before the - 


_¢ = 


fore, 
"possible before on account of space limitation. could 
_ This map was compiled from plates published in the “Description de 1’ _ ‘class 
es drawings by Linant de Bellefonde, maps from the survey of Egypt, quest 
and information derived from the writings of ancient historians and modern barr! 
authors and from documents of the International Technical By 
"map is in both English and Arabic languages. with 
ae The sites of canals shown in the southern part of Lake Manzala were taken wate! 
maps in the “Descriptionde l’Egypte.” it se 
At the time of Mehemet Ali, the land saitiestieds under his patronage was onl sing] 
irrigated by the Wadi Canal which was extended by the Suez Canal Company in} °™™ 
1862 as far as the Abu Ballah ores a _ The Ismailia Canal was opened in 1877 | In 
in in the reign of the Khedive Ismail. 
el The canals of the Ancients to Sale Timsah can be traced on the site of the woul 
canal depicted on the southern fringe of the Wadi Tumilat; a canal was fed must 
ian - From Lake Timsah it is possible to follow traces of the Canad of the Pto-_ mers 
Back in Biblical { the Route of the Exodus led by was 
: 7 around the western, northern, and eastern perimeter of Lake Timsah, thence * 
_ along the eastern shore of the Bitter Lakes and Gulf of Suez to Sinai Peninsula ext | 
and thence turning to “The Promised Land.” Because the shortest coastal ee 
_ highway, “The Way of the Land of the Philistines,” was guarded by forts, | _M 
_ Moses had no choice for their avenue of escape but along the southern part of pres 
the present route of the Suez Canal. What an historical dramatic mass mi- — with 
sration backed by miracle after miracle 5 barr 
a Later in the beginning of the Christian era, our Lord Jesus Christ crossed able 
4 the canal route twice first on His flight into Egypt in His mother’s arms and indis 
thence to Nazareth, both over the caravan routes. _ After man has divided the om 
with the ancient routes of the great epic drama of the Bible. Wha 
an n historical divine setting in time and 
Diaphragma or Lock in n the Time of Ptolemy 
is ‘Both t the author’ s quotation of translation, and that of C. H. Oldfather in the® mod 
a Loeb Classical Library Version referred to by Dean Finch, of the Sicilian — thror 


historian Diodorus Siculus’ “World History” in Greek, uses the word “lock” 
— describing the Second Ptolemy’ s last construction of the ancient canal. _ Th 


former states: “Ptolemy Il. . . conceived the idea of having a lock built in 


: Ri. the (ancient) canal to hold the waters (of the Red Sea) back; this lock could be § takir 
opened at will when it was desired to sail beyond, then it was closed, and use B arch 
_ has shown that the construction was justified.” The latter states that, “in the 


ook ‘most suitable spot,” the Second Ptolemy “constructed an ingenious kind of a 
< Be lock.” ” In either case, the translated text implies some vagueness as to an 
Ce and design of the lock then built as compared with modern locks 
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ee Dean Finch is to be cré credited ed for his extensive ive and e exhaustive ananiee = 
es of undertaken « during the past decade into the ancient Babylonian, Egyptian, | af 


Greek, and Roman civil engineering culture. “Since locks were not invented, ” i 4 ’ 
he reasons, “until some 1500 or more years after Ptolemy had passed ca," J 
Dean Finch wrote to the author on 19 November 1958: _“T have waited, ‘there- A 
fore, until my return from our country home in Connecticut to New York so a ‘ 


this 
pany, 
Suez 


a could lo look up the original Greek and check this translation.” As his prudent — = 
vp classical scholarship put it, “Actually Diodorus referred to the device in # a 

question as a diaphragma, . . . which is properly translated as a or 
lern @rrier and cannot have meant ‘ ‘a lock in a canal’. 


_ By comparing i C. H. Oldfather’s translation, “ an ingenious kind of a lock,” 
with the one the author quotes: _ “having a lock built in the canal to hold the a  g 
| J waters 8 back; this lock could be opened . aii sail beyond, then it was it was closed, a &§ 
ir a it seems plausible that two diaphragma might have been used, otherwise a 
only single barrier, Probably of logs as Dean not be 


yas 
pany inf 
in 1877 
of the 
fed 
q 
Pto- 
ind end- 
3eS was 
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y cannot agree, however, that any kind of a ‘diaphragma’, or single a. 

would meet the definition of a lock... Whena a single gate is opened the ship _ - 
must be raised by pulling it up against the current caused by the difference in 
level—man or animal power does the raising, not water. Presumably,of 


course , the ship could be held until the entire reach up to the next barrier—if = 


7 


there is one—could be emptied down to the lower level, thus: making lock 
chambers of the entire sections of canal between barriers. But, this does n not 4 
think the answer is very simple: translator of the original Greek 
wi of Diodorus . . ., was not an engineer and did not know the difference be- 
tween a single gate or barrier anda lock.” 
ia Measured from the modern fundamental standards of a “ship lock” and the 
| present-day prevailing nomenclature of “canal lock”, the author could agree 
with Dean Finch in that a “diaphragma ” should have been translated as ae 
barrier. Because it could be opened, it was a kind of movable barrier or ‘mov- 
able dam. dif there existed only one diaphragma, the translation was clearly _ 
indiscriminate. if there was another diaphragma not too far apart, it 


ied the would form a primitive lock, meeting the requirements 3 of Dean Finch. _More- 


rms y over, because actually the difference in level between the Red Sea and the 

Whatf 2ncient c canal connecting t the Nile was negligible then as it is a 
single diaphragma or two diaphragma could work. 
to |} The premise at issue, however, involves the precision of translation ~ ee 
ay a i ancient Greek classical work into the English language. Dean Finch was care- 
+e ‘# ful in looking up the original Greek to check this translation, but only from a . 
or in the | modern standpoint of the English language, which has undergone many — a 


oe through history. - Today’ s English is the continuation of the language of 5th- et 


“lock” 
nal. 
in 
ould be 
and use 
id of a 


icentury invaders of Britain. This Old English up to C. 1050 A.D. was followed * 
by the Middle English up to C. 1450, and the Middle then by the Modern a ‘ 
from a London dialect. In order to reach a fair verdict on the translation, 
taking into consideration the changes in meaning of the English vocabulary, © i 

archaic versus modern, the author has looked up “A New English — 
on Historical 4 founded on the materials collected by The Philoso- 


ik 
— 
part of 4a 
3 mi- 
; 
to the scholars and men of science. It has been compiled and edited from 1882 
locks. §1927, and consists of 21 separately bound large volumes and 15,487 — = 


a ‘ In ‘this dictionary in its Vol. VI, ‘Part 1, pp. 383 -384, einai “lock”, one may 
find “1, A barrier, an enclosure,” further under 7. “A barrier on a river, 

ad - constructed ‘so as to ) be opened or closed at pleasure”; ; and further under 9, 
— a canal or river: A portion of the channel shut off above and below by : 


- folding gates (not a modern prevailing type) provided with sluices to let the 


_ water out or in, and thus raise or lower boats from one water level to an- ff anc 
other.” The seventh meaning of the word “lock” in this dictionary exactly ex- Leen 
_ io, presses the physical implications of a diaphragma that could be opened. If § ‘De 

47 this meaning of the English word “lock” was prevalent in the time of the trans gate 
— Jator , Dean Finch’s verdict that “the use of the word lock in this translation sluic 
a is Soeneey incorrect” would seem to be a modern view of a classical trans- § ¢arli 
lation. — . Dean Finch’s prudence in revealing the original Greek, and the writ- § chos 
4 er’s consultation of the monumental English dictionary on historical princi- the K 
: ples, complement to one thing that the original translation may there stand. origi 
_ Dean Finch referred to the Grand Canal of China as 800 miles long, as - | third 
having been begun as early as 600 B.C., and to the Chinese as never devised - Hi 
- acanal lock. The writer feels privileged in having an opportunity to give haus 
: tie facts relevant to this comment, for he had been an organizing _ | Engit 
: _ member of the Grand Canal Improvement Planning Board during the early Lond 
7 ‘thirties. . The Grand Canal stretching from Peking to Hangchow has a len quote 
— “of 1,782 kilometers or 1,107 miles. Several segments are natural rivers; so} 
a a is the section from Tientsin to Tungchow and thence by ¢ canal to the city wall 4 pa 
of Peking, which is not situated on a river. Its initiation dates back to600 | yy, 
just as Dean Finch stated. ‘This was about the same time as Necho ‘su 
Teconstracted and extended the ancient canal through Wadi Tumilat to 
[= 60hFftsi‘éiér’.éAt-Tuku. Concerning the issue raised by Dean Finch that the Chinese never m 
_ a devised a canal lock, he is referred to the ten books in two volumes entitled P de 
“Hydraulic Problems of China,” written by ten contemporary hydraulic ex- al 
-perts of that country under the Chief editorship of the writer and published in] 
7 ‘Foray, 1937, by the Commercial Press, Ltd., ‘Shanghai. Book VIII was de- .. 

to “The Problem of Grand Canal Improvement, ” prepared by "Th 
Mr Hu- Chen Wang, formerly Chief Engineer | of the Grand Canal nal Improvement weg 


i Bk Hu- -Chen Wang’ s exhaustive viata shows that from 600 B.C. the dam | 
“type barrier had been used along the Grand Canal where the slope was too ~ 


s steep or where the discharge must be conserved; the diaphragm type barrier 


had been used s since, where a movable type proved to be more advisable. Be- OD 
ginning from the Tang Dynasty early in the seventh century, locks ofthe pond 
_ sluice type were constructed at entrances of the Grand Canal where it cross- atity 
the Huai River and the Yangtze River. Inthe later partofthe tenth 

4 century, early in the Sung Dynasty, locks of the double sluice type was intro- § Natu: 
duced at the crossing of the Grand Canal with the Yangtze River. Its functior§ p, 
_al arrangement was in essence identical with modern navigation locks. pract 


_ Hu- Chen Wong gave the location of some e 49 ‘single- and double - sluice locks ~ inca 
of ro 
this | 


‘century (early in the Tsing entra along the Grand Canal and the Ling Ditch, 

4 the latter being the navigation connection between the tributaries of the — 4 
Yangtze River and the Pearl River. tow 

_ Philologically speaking, the Chinese nomenclature for “ship lock” uses the 

same characters for single-diaphragm, double- -diaphragm, single-sluice i 

_ double-sluice, and modern types insofar as ; their functions are primarily for 
80 that they are in accord with the two definitions Of 
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“lock” given in the New English Dictionary on ineeaanais Principles. In 1950, 
when the writer was drafting the “Sino-English nomenclature of Hydraulic 
Engineering” for the National Institute of Compilation and Translation on his _ 
way to the United States on Board of M. S. Lightning, he coined the terminology — =. 
according to historical usage. The nomenclature was later approved bya  ~ d 
National Committee, proclaimed by the Ministry of Education as national = 


standard terms, and published in 1952 by the Commercial Press, Ltd., ,on - +g 


- Dean Finch further traces the origin of lock and its forerunner, the sluice 
‘gate used in irrigation, from Italian records, showing tl that t hand- operated :. 
sluice gate dates back not earlier than the twelfth century, nor boat locks: en 
deen earlier than the fourteenth century—the early days of Renaissance. If he eat: : 

chosen the ancient usage of the word “lock” as the seventh ‘meaning ¢ defined in  &§ 
I the New English Dictionary on Historical Principles, he could have placed the . 
origin of boat lock at the time of the Second Ptolemy in the first half of the 


Hans s Straub in his “Die Geschichte der Bauingenieurkunst” (Verlag Birk- 
hauser, Basel, 1949; English Translation by E. Rockwell, ' “A History of Civil 
Engineering,” an outline from | ancient to modern times, , Leonard Hill Limited, 7 


London, 1952, pp. -130- 131), appears to confirm | Dean Finch’s findings. To 


,? “with the construction of the Atlantic and Channel Ports which are 
particularly exposed to the tides, the most important engineering works _ 
_ were the locks. To overcome the level differences of inland waterways, ty 
such installations were already in use since the Renaissance. Leonardo | 
da Vinci had not, in fact, invented them as is sometimes alleged, but he 7 
H _may have perfected them through the development of an improved gate fat 
titled design. _ Applied to the tidal ports, the locks made it possible to retain, a 
bso ales during the low tide, the depth of water required for the sea- ‘eine 
the Far East in China, hand- -operated gate had been introduced in 
| irrigation in the fourth century B. c. since the diversion of the Chang River to 
a irrigate the district of Yeh during the period of “Warring States” (403 to 221 F 
dam B.C.; near the end of the Chou Dynasty, 1122 to 249 B.C.). ‘This was the ; ad- 
vent of the sluice-type of boat lock constructed later in the ‘seventh century — 


too co d lat e 
le. Be- f 7 Dean Finch concludes his’ discussion by turning back to Diodorus. 8. His as “| 


pondering on “lock” indicates prudent classical scholarship—a rare scientific 


Natural Selection o of ‘nila and the niles Efforts 

function} Dr. Chou begins his discussion with this topic. Its raison detre underlies _ 
bi al practically every open canal, lock canal, even lateral canal, and nonetheless a : 
locks fin canalized rivers and improved waterways. In between “natural selections _ 
teenth fof route” and “the human efforts,” there ‘seems always a third factor dictating 
ng Ditch, this kind of project and that is “transportation demand.” Nature provides the 
adits 4 physical factor; transportation demand justifies the economic. Man was or- 
at dained to “have domain over all the earth” and “subdue it,” and hence he digs” aie 


uses the | the canal or improves a natural waterway when it becomes ; necessary. eptagtions =. re 
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4 pi ibd from Count de Saint Simon who thought of canals at Suez and ryt 
Panama as primary factors in the “regeneration of the world.” De Lesseps 


water the inspiration, had persistent faith in it, and hence there resulted this | 


“Marie de Lesseps; he regards h him asa a diplomat rather than an engineer. - ih 
the course of preparing the paper, it was fully realized that the chronicle of 
the Canal would not be complete without a narrative of de Lesseps, two- ‘thirds 
of whose life had been interwoven with the history of the present Canal. k: How- 
me: on account of space limitation, the author had to adhere only to the main 


_ chronicle of the Canal itself and withhold the section narrating the life of de 


_ Much of de Lesseps’ earlier life has been accounted for in connection with 
‘Saint Simon’s inspiration, his promotion of the Suez Canal project starting at 
an age of 27 in 1832 , his ng impose of the Compagnie Universelle du 1 Canal 


completion of the Caital in at the age of 64. 
_ paper dealing mainly with social, evternomic, and international aspects, that his 
tenacious ‘Strife to overcoms. the opposition of Lord Henry. John Temple 
Palmerston, Prime Minister oY the United Kingdom during 1a55- 1858, and of 
the “Sublime Porte,” sultan of Turkey at Comatentinage, the suzerain to the 
Viceroy of Egypt, would betreated. 
Gi Mr. Millecam calls attention to the remarkable book entitled: _ “Ferdinand 
\ Le Diplomate—le createur de Suez,” by George Edgar- Bonnet. 
BaiNthe writer could not agree with attributing de Lesseps as “le createur de 
‘a he ate Christian reasons, because no one except God could be regarded a as 
Se: Nor could the writer agree with Mr. Millecam in limiting de Lesseps asa 
- diplomat but Adt an engineer. Apparently | Mr. . Millecam is qualifying him by 
4 his early calling het by his life-long achievement. This point may be elucidat- 
ed by citing a notablé-example in the United States. The writer refers to the 
late George | S. Morrison, Past President of ASCE. His career was undoubted: 
ly one of the most unusual in the annals of engineering just as de Lesseps’ ame 
Morrison was graduated from jaw-school in 1863, practiced law with a famous 
firm in New York, disliked thoroughly the equivocal requirements of legal.. 
‘practice, turned to bridge work in 1887, and built sixteen remarkable bridges 
over the greatest river system of the United States, ten over the Missouri — 
figure from law practice to a ‘top- -ranking bridge expert without any formal 
engineering education. If he had been regarded as a lawyer, not an engineer, 
_ he would not have been elected during the past jto the President of ASCE, one 
of the most honorable offices of the American | 2ngineering profession. Simi- 
larly, unless de Lesseps had been regarded as an engineer of exceptional — 
__ technico- scientific attainment, the Frenchmen would not have elected him to 
er of the French Academy and the Academy of Sciences, the highest . 
a French man of science may receive. 
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DISCussIon 

— 

In the strict ; sense, _ was de Lesseps a diplomat in spite of the fact that — 
he served in the French consular service and first went to Egypt in 1832 as id r 
vice consul at Alexandria. Consular service, as is inherent in its function, 7 
constitutes an organized body of agents maintained by a government at foreign — 
hea and trade centers to protect its nationals and their interests, especially © 


in commercial affairs. For administrative purposes, many countries unite oe 
consular and diplomatic services in the Department of Foreign Affairs 
(Foreign Office, or Ministry of Foreign Affairs, or Department of State), as a > 
the United States did by virtue of the Rogers Actof1924. =| te Bie 
‘The writer, however, can agree, in a broad sense, to call de Lesseps a Site 
diplomat, if at the same time he is respected as an engineer, a promoter, an 
presen and also an author. He had contributed much to the engineering 
- literature especially on his master project, the Suez Canal. Hereunder is a 7 & 
list of nine volumes of his published works on the Suez Canal as far as the ia . t 
“Percement de I’ isthme de Suez ;” 1885, 280 80 pp.; HL Plon, Paris; First 


a series of six volumes of documents. canal 18 


-81, in 5 volumes; Didier et Cie, Paris. 
6. _ “The History of the Suez Canal;” 1876, 89 pp.; W. Blackwood and fons, 


 - Having firm faith in Saint Simon’s inspiration about canals at Suez and | 
Panama as primary factors in the “regeneration of the we world,” de Lesseps 
turned to begin his push of the Panama Canal in 1874, the second profitable 
year of the Suez Canal, when he was 69 years old. His fortune was assured, 
his name a popular household word throughout France, his fame worldwide. 

| The French became interested in the isthmus canal during 1874- 76, and were 

| seized with ambition to follow the Suez Canal with one at Panama. In 1879, - 
the “Compagnie Universelle du Canal Interoceanique” was organized to dig = 

| ditch with Ferdinand de Lesseps elected as its President. De Lesseps insist- a 

ed that this one should be like the Suez ditch, at sea level, without locks. 7 

1883, large scale work began on the excavation of an estimated 157 ‘million 
cubic yards of material. But the tropical climate, with its torrents of ra rain- 

fall, miasmata and deadly fevers, led by yellow fever, failed him. He gave up Hae 
in 1888; the company bankrupt, his fame sullied with recriminations, his name 
anathema, his fortune gone irrecoverably, and his age 83. The French “Af- tie a 
fair” ended 1889, due mainly to disease among the workers. _Latera payment 

of 40 million dollars was made by the United States to 1 the French for their 
interest; the Panama Canal became the property , of the United States. “ele 

_ If de Lesseps had had the service of Dr. William C. Gorgas of the U. ein: 4 
Army Medical Corps who stamped out “yellow jack” on the Isthmus and made ; be 
construction possible he would have achieved success at Panama too. . His de 
failure at Panama cannot be attributed to his sea-level plan. This is clear by a 
referring to the Society’ s Transactions, Vol. 114 » 1949, Paper No. 2378, ie 


Panama Canal— —The Sea-Level Project, a Symposium,” pp. 607-906. 


1. fter he gave up the Panama Canal Project at an advanced age of 83, he 
had the consolation that his son Charles took on himself, as much as he could, 
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the opprobrium of his failure, and that his family s shielded him from | the — 
lence that assailed his reputation and attacked his honor, though such = 
_ happened in England. Almost in another world, therefore, esteeming his og 
achievements as perhaps those of another man— —another Saint Simon protége— i 
he haunted his garden and paced out his remaining years. He died in 1894 at 
_ the age of 89. More than halfway at least, on the ocean routes of modern = 
: international commerce, he had advanced the “regeneration of the world.” Pi 
eorey _ France as a nation was just in having conferred upon de Lesseps the honor 
that was eminently due him. The French Academy elected him a member, : a, 
: did the Academy of Sciences—the highest honors the French can give a man < 
peu of science. He was also decorated with the Grand Cross of the Legion of 


Despite Palmerston’s opposition to his Suez Canal Project, he became a 3 


7 eo hero and remained so even after his failure at Panama. He was made 


“Citizen of London” and decorated with the Star of India. He received the — } , 
freedom of the City of London—the old City, under the Lord Mayor, with its 
guild-halls and proud traditions and formal charter. Not only England never 
besmirched, his genius with his failure at Panama, , but also the B Britannica 
is = “His great gifts, coupled with his supreme unselfishness and social 
2 charm made him everywhere respected.” History pays him the same respect. 
De Lesseps’ genius, tolerant nature, fairness toward men, , unselfishness, _ 
pie and per rsistence in advancing the “regeneration of the e world,” < should command 
eo respect among mankind! His statue at the head of the Canal at Port pea 
Said worthily. = 


Initial Size of Canal Fa Facilities 


- a» Dr. Chou, in discussing evolutionary growth, brings to a climax by stating: 
“Structures of international standing should be designed with generosity rather 
than with mediocrity, unless there is sound basis to be otherwise.” ss 

_ The 1856 plan of Negrelli de Moldelbe, which became essentially the “plan 
_ of the International Commission, had a canal section of 8 m (26.25 ft) in depth, 
: 44 m (144.36 ft).in bed breadth, and 80 m (262.47 ft) in water surface width. — 
_ It was generously ample for the then potential traffic. However, after the first 
: issue of shares in 1858, the Supreme Works Council decided in August, , 1859, 
to retain the depth, but to reduce the surface width and the theoretical bottom 
a width. _ Even so, the original cost estimate of 200 million gold francs was €X- 
ceeded by 220 million francs by 1869 when the initial depth of only 5.20 m 
(17 ft) to 5.50 m (18 ft) was excavated for opening to traffic. The initial | . 
7 projest } had not been completed u until 1875 . It It was obviously difficulty of finane- 
i ing that had to overshadow any “recognized sound basis. De Lesseps faced the 
situation with individual audacity, but with little help from the French govern- 
= ‘ment. Had his plan | been more generous, | the +, for ‘realization at that 


_ De Lesseps functioned international reaponsibilaies with a French joint- 
"stock company. was not an international project financed and | backed | up 


empire exercised 

sz de Je Lesseps’ f fruit has hed dynamically growing all the time with 
ocean commerce. In contrast with the phenomenal growth of the Suez Canal = 
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mained static despite their generous 
De Lesseps b built a revenue-producing, economic facility which has grown 


by regenerative financing. _ This turnpike of the seas will continue its | pace of 
growth in the future even at a faster rate as revealed by the Report of Ebasco = 


problems so much interwoven with geological and soils aspects asa sea- 
level earth canal for ocean traffic. These aspects were necessarily touched F 
upon only in a sketchy way in a paper of engineering chronicle. : Thanks are 


In| addition to | confirming the very brief geological account of the sahinig:. 

_ Professor Morris summarized the geological periods (systems of rock), and 
spect. | epochs (series of rock), of sedimentary rocks in the southern segment of the _ 
ess, | ~ canal zone. ‘His geologic sketch helps to clarify questions concerning the ge- - 
‘ ~ ology of the Canal route. _He refers to the quarried marine limestone for the - 
“Pyramids of Gizeh” and the natural hill of “Sphynx,” both near by Gizeh (or ey 
Giza) on the Nile opposite Cairo, Egypt. The greatest pyramid is calledthe _ 
Pyramid of Khufu or Cheops, who was king of ancient Egypt, flourished 2900 be 
—@) B.C., founded the IVth dynasty, and built this mammoth at Gizeh. " Sphynx 
is more orthodoxly spelled as Sphinx. Egyptian sphinxes are ‘recumbent 
“figures, usually with men’s heads. Most famous of all is the Great Sphinx of a 
-Gizeh, a colossal figure carved from natural rock, guardian of the Nile a | 
_ The marine limestone of the Eocene epoch, with which the Pyramids of Gizeh 
plan | “sy built, is of the Tertiary period of the Cenozoic era. yl ge Og 


nmand 


Y depth, i _sUsing the geologic time scale most generally accepted ; in the United States, 
idth. 
he mA a summary y consists of two eras (1) the Cenozoic (to represent ‘the modern life), 
1859 | and (2) the Mesozoic (the mediaeval life). The Cenozoic era consists of ae 
the Quaternary period from 25,000 yr to 2 million yr, , and (b) the Tertiary F f 
period of about 68 million yr, which embrace the Pliocene, Miocene, and alge ; 
epochs mentioned by Professor Morris. The Mesozoicerahasasits 


a 


latest t the Cretaceous period, also mentioned by Professor Morris, which has _ ce 
finane- been estimated at about 180 million yr, 
ced the While Professor Morris’ discussion is chiefly focused on n stratigraphy, 
govern historical and spatial, Professor Cleaves has devoted his to the engineering a 
‘significance of geological and soils aspects, and to construction materials. a 
Though his querries are not entirely covered by, but status quo answers could 


be found in, , the | paper of Max Bahon presented at the Seventeenth International — ‘ 


Canal banks from e erosion n caused by. the passage of large vessels,” as 
Mr. Millecam put it. Abundant light may also be found from ianeniiary< tests 
_ as reported in ASCE Proceedings Separate No. 613 (February 1955) by _.. 


Blanquet, and ina in Annales des Ponts et Chanssees ah, 


of tate tres ury and by national labor, as the Tower of Babel in the y of 4 
rio- | of state treasur Cheops) at Gizeh (or Giza) on the 
er | Babylon, the Greatest Pyramid of Khufu (or Pp a J 
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laboratory studies have made it possible,” according to Mr. Blanquet, “to es- 
tablish as correctly as possible the regulation transit speeds so as to avoid 

wigan ol of the banks and facings” and “to select the most appropriate et 


phototypes of cross- -sections suitable to the various 


material of its kind is not entirely lacking in that region, pat unfortu- 
hately the distance from some of the works to the quarries from which suitable 
5 <4 stone for the bedding could be obtained makes it prohibitive in cost. . As far . 
i? back as the constrection of the jetties at Port Said before the Canal was opened 
“to traffic in 1869, the use of ‘stone from the quarries at Mex, near fae 
to be so. . It w was ; then substituted by artificial blocks made of lime aor 
* mortar, using the sand at Port Said as the basic material. These lime-mortar 
"blocks, lasting for more than 30 years) under the exposure of sea waves and 
a = salt water until the beginning of the Twentieth 1 Century, had not shown abad — 
: _ performance record for a non-hydraulic binding agent. ih Gince the beginning of 


izing that the first Portland cement factory on the European Continent was es- — 
£ tablished in France at | Boulogne as early as 1840, and that the construction of _ 
the initial Canal had been from 1859 to 1869, de Lesseps would have used 
Portland cement if he had not been handicapped by financial difficulty. — “ara 
Bs The various types | of of revetments used in the past, , namely: quarry stone, ce 
steel sheet piling, concrete blocks, reinforced asphalt carpets, etc., should 
have provided by now sufficient service records to choose the best type 7 
types of revetment for different sectors: based on the the ‘specific merits of each 
_ Despite that the Canal, except in the peg lined on either side by 
“revetments, , “slip- -out” slides occur, though | generally confined t to ‘the mid- q 
pee where the highest ridge at El Gisr is some 52 to 56 ft above sea level. 
From El Gisr northward, the shallow depressions are even 3 ft or so below | 
sea level; and from there southward the Canal traverses s through | Lake ' Timsab, 
Greater Bitter Lake, and Little Bitter Lake. 
_ As slides have appeared to be not uncommon, a modern geological and soils 
engineering investigation as outlined by Professor Cleaves should prove to be 
conducive to effecting genuine maintenance savings along the Canal. He 
* pointed out techniques to be followed in several categories of studies. | — 
By Judging fr from the 75 miles of bank facings as al- 
:- magnitude and Piette of the investigation would justify a team ’ 
Wor world-wide experts with one or two in each of the fields representing geology, 


geophysics, petrography, clay- technology, soil “mechanics, engineering ma- 


_ terials, and canal and harbor engineering. Even if it be the case that a great 
- amount. of work along this line has been done, a fresh review coupled | with Feed 


by ap further investigations from a new approach, by new experts may shed new light 
through reappraisal and thereby produce better results. 
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DISCUSSION 


With the unique background of having had hydraulic engineering researc 


and practice in Continental China, on British isles, in Free China on Formosa, — 
on Ceylong, and in the Continental United States, Dr. Chou attributes the chief 
_ trouble in heavy maintenance to ) sandy and unstable earth in the desert region, = 
_ subjected to disturbance of viscous fluids; and to proximity to the muddy Nile 
_and the Sahara Desert bringing in material from a great distance. He sug- | 
gests that any scheme > to bring down the recurring perennial expense requires J 
the extension of the Canal jurisprudence beyond its present periphery both 
physically and categorically. Although terrestrial physical control as ex- ae 
_ tensive as implied by his suggestion can not yet be realized, the Nationalization — 
has at least but one merit in enabling it possible to launch effective conser- 
_ vation program in adjoining zones and contributary districts to meliorate the eo ie 
_ natural conditions and to minimize the threat of silting and deteriorating. hee ¥ i 
>}. Dr. Chou then brings out the measures of soil conservation. The U. S. De-— 
partment of Agriculture has long been pioneering in soil conservation. — During 
y _ the writer’s term as Deputy President of the Yellow River Commission from > _ 


1943 to 1947, a program to conserve soil over the entire watershed of the ym 
Yellow River and its tributaries was under execution. - There are diverse ways ‘ 


conditions. ti Though spac space does not permit to | ponder further, : soil 
_ and/or water conservancy can not be separated from any waterway mainte- t 
nance if the maximum coordinated benefits are to be derived. 
_ Irrigation and land reclamation have been carried out to some extent on the q 
west side through the territory served by the sweet-water canal. Dr. Chou in 
_ this regard is concerned with that the ‘agriculture of this swampy and sandy — ne 
_ area can hardly compete with the alluvial Nile. Without a sizable agriculture 
_ population inhabiting in the Isthmus, there is no fundamental necessity nor me 
supporting agrarian labor for any irrigation or land reclamation scheme. ll 
_ cheapest way is to determine the most adaptable grass, and spread its seeds 
aq Dr. Chou considers the silt from the very turbid water of the Nile effluence | 
as induced by the gentle movement into the Red Sea. But the paper, onthe 
contrary, states a weak current up to 1.9 ft per sec is toward the Mediter- 
ranean. According to de Thierry, the variation of the cross-section and gney 4 
_ Dr. Chou and Mr. Bostian both refer to ‘the silting p problem; the ° former pro- ; 
‘poses | settling bay or pool with some coagulants as a possible solution. 5 Econo- 
my does not seem to justify the use of coagulation methods. It appears a he 
on more economical to have control works to allow high silt-bearing waters of — 
By. the effluents of the Nile to flow into swampy low lands to ‘Settle by the gravity : 
of silt as velocity vanishes. This method converts swampy waste into fertile — 
_ fields with minimum labor and cost. When the writer was Chairman of the ae ; 
_ Technical Committee of the Hai Ho (Tientsin Seaway) Improvement Com-_ Lees 
‘ ‘mission from 1929 to 1933, a scheme of control works was executed to divert 
2 the heavy-silt-bearing waters of the Yung Ting Ho, an influent of the Seaway, 
to an adjacent low-lying swampy expanse and to bring back the clear water 7 
: the Seaway for deepening the channel by scouring action especially during low | 


The Suez Canal zone situation is different. Its conservation problems have | 


to be solved by a distinctive scheme a the 
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“to squedenity convert the d desert and swampy waste into a productive ‘green 


a 
Canal ‘Cross- -Section and Vessel Characteristics 


baal gent 
Mr. Blanquet brings out his bearing on the 
_ between the cross- section ofa canal and parameters of the vessels using it— 
‘such as draft, width, and | speed. To these the writer would like to add such 

bea other parameters as length, displacement, configuration, and total immersed 
ae longitudinal surface of the vessels; surface slope, and better still hydraulic _ 
or. energy gradient, of canal water; physical constants of this water such ang 
unit weight (w), density (p), coefficient of viscosity (y), and kinematic viecoet= 
_ ty (v); and last but not the least, the composite dimensionless parameters of — 
"Froude Number (N¢), and Reynolds Number (Ny Besides these for the vessel 
and the water, those pertaining to the canal cross-section would have to ine 
clude ratio of breadth of waterway to beam length of vessel, ratio of depth of 
waterway to draft of vessel, ratio of waterway cross- -section to vessel cross- 
section, and the geometric form of the waterway cross-section. And more ate 
vr over, in no small measure are the physical phenomena of the material in sus- 
The fine experimental investigations conducted by Mr . Blanquet in the © a ; 
Bassin des Carenes du Ministere de la Marine in Paris and in the Neyrpic exp 


Hydraulic Laboratories in Grenoble, France, deserve most careful perusal by 
any student of waterway engineering. Besides his paper on “Scale Model of | 
 - Suez Canal” published in the Society’s Proceedings of February, 1955, as 


Paper No. 613, Messrs. Suquet, Barbier , and Gamot’s detailed report o on these 
_ important experiments as published in the November 1957 to February 4 


a _ issue of the Annales des Ponts et t Chaussees constitutes a valuable contri- — — 
bution to the hydromechanics of waterways. i Mr. Blanquet has set forth the ee 
principal conclusions and their applications to establishing the regulation _ seit 


= in charge of establishment, and ‘That labo- 


ratory, partly indoor and partly outdoor, was the largest of its kind in the Far : 
In ship-canal- model experimentation, the water suffers co 
i. pression during the flow. Hence, the elasticity forces may be neglected. Ex- 
cept in the ose of extremely small models, surface tension n may also 
_ disregarded. Thus, the forces left to be considered are pressure (F, ey rte 
eo ertia (Fj), viscosity (Fy), and gravity ( Fg). By deleting the hydrostatic 
eS _ pressure force, and denoting ‘ “prototype and “model” respectively with ‘sub- 
i scripts “ p” and “ “m”, the dimensionless parame eters of N¢ and Ny may be writ- 
Fis) 
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he of these two simultaneous equations yields 


‘corresponding kinematic viscosity of the fluid for the experimental « channel. OF 


“stead, if water is used, the model scale must be unity, which would imply full- 
model. ‘ ‘This peculiar a priori i fact has entailed an almost insurmountable 


_perative to approach the experimentation with an expedient compromise ec: 
: resorting to the same Froude Numbers in prototype and model, and by adjust- ; 
5 ing the observed results by auxiliary experimental data dependent upon the — 

Reynolds Number. Since the hydraulic conditions resulting from inertia- 
.. viscosity forces are small as compared with those resulting from inertia- _ = — 

gravity forces, the compromised approach is admissible. 

_ While in ship-canal-model experiments, both ship and canal characteristics i i E 
interact onto each other, the waterway parameters are e the independent in ~~ 


% a observation programs and with measurements taken in the Canal itself, a . 
_ these studies should prove to be very valuable, too, in proving ng correlated cect 
_ criteria for design purposes, though they might have aenaaale conducted for the in 
_ The writer deems that Mr. Blanquet’s studies should have 
pate Dr. Chou’s calling attention to scale model tests, except forthe 
- latter’ 8 proposed desilting facility. The same studies also lead to = 


Bostian 1 dwells at Jength i in n the e subject of waves wee sind their disturbing 
action in relation to canal banks. Here lies a realm embracing scientific ~< ; 
interest 2 as well as s engineering significance that n may be approached either ie * 
ba from a mathematical gymnasium or with an experimental technique. Lest this if 
_ Closure exceeds allowable limit of space, the writer shall not embark a down- eg 
— to- -the-earth discussion which would not bring fruit unless it is given ‘an ex-_— 
~ haustive treatment. But, instead, by way of response, the writer wishes to —_ 
§ refer Mr. Bostian to a series of valuable research reports along this line 
- made available by the Beach Erosion Board, Office of the Chief of Restaesrs, al 
Corps of Engineers, Department of the Army. These reports are issued as E 
_ Technical Memoranda which have reached No. 411 up to May, 1959. _ Their 
_ investigations were made on shores, coasts, beaches, and waterfront — 
structures, but are applicable to sea-level canals. Much valuable 
could also be obtained by scanning through Paper No. . 2378 entitled: ‘Panama 
Canal— —The Sea- Level Project, A Symposium,” ASCE Transactions, Vol. 114, 


to Mr. Bostian’s discussion of the Canal cross- 3-section. 
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Mr. Jos. Millecam observes that to the author’s sahement: “Thus it (the — 
_ Canal) constitutes the life line of Western European maritime countries, ar- 
‘Heularly Britain and France,” should be added “‘the Netherlands,’ which aed! 
country,” he states, “kept up an intense maritime traffic with their East India | 
F -. An examination of the traffic records of the Suez Canal does support PPR: 


; of British, French, Dutch, etc. Though from 1891 to 1910 Dutch wasinthe __ 
= fourth place, she regained the third place for most of the time from 1911 to 
—1920. She then advanced to the second place from 1921 until 1929, but dropped | 
2 again ‘to the third and fourth places in equal number of years from 1930 to 
Ms 1947. . Thereafter until 1951, she fell to the sixth place. In 1955, she apparent-— 
ly sunk to the seventh place with British, Norwegian, Liberian, French, =— 

_ Italian, Panamanian ahead of her. But in reality she is still in the fifth place, 1 
because ships with Liberian and Panamanian flags belong to merchant marine 
interests of many different countries. _ They simply register their companies 
in Liberia and Panama for incorporation and taxation reasons. _ cat 8 oe 

‘British merchantile marine has always held the first place as a Canal user 
from 1869 up to the present. During the period between 1870 and 1880, there — 
q s 76.1 per cent of the transiting vessels which flew the British flag. It _ ‘ 

_ reached 79.5 per cent in 1918; but “the carrier of the oceans” fell to 28.3 per 

cent in 1955, indicating the shrinkage of the British empire. 
i "tt is interesting to note the change in hands of the second largest user of © 
the Canal according to flag. : From 1870 to 1890, it was French. ‘Between am wg 

1891 and 1914, German came forward, reflecting its gain in ocean commerce — 

up to World War I. In 1915, 1916, and 1917 » Dutch , French, and Italian re- 
spectively, held the 

_ Japanese advanced to the second glans from 1918 to 1920. Thereafter through 

1929, Dutch flag was in the second place. Between 1930 and 1934, the revival — 

q E of Germany came forward again. From 1935 to 1940, Italian advanced to the 

- second place, but the ships included Mussolini’s war vessels during his ag- _ 

d _ gression against Ethiopia. In the earlier years of World War II from 1941 to 
C —:1942, Greek had the second place, while during the later part of World War II 

ae and early post-war years from 1943 to 1949, American ships held the second — . 

- place. As a consequence of its participation in tanker traffic, the Norwegian — 


4 ow + 
i - 3 Very much enhancing to the discussions is ‘the second problem n Mr. Blanquet 


brings out which “relates to the most recent forecasts of traffic- evolution — "s 


wal 
‘This especially complements the author’s paper in which the studies made by 


; a _ the Ebasco Services, Incorporated, of New York was only sketchily introduced. 
Es _ ‘The’ Ebasco Report has based its study on six optimistic assumptions for 
the world’s economy. Among them, it was assumed that “the policies of the 

_ under-developed nations would be influenced by a desire ‘to develop their re-. 

and their industry for the henefit of their domestic economy.” This 

_ is only a moderate view from the New York skyscrapers. Those familiar with 
oriental ambitions would not be surprised to note Dr. Chou’s comment: + sae . 
& ‘It may be not far off to when another source of tremendous potential for the ai ‘ 
traffic ou the — will come, when the aii industrialization of the 
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change from Europe.” He added: “this is another challenge to the Canal. Ment _ 
Ocean commerce is so interwoven with international situations that whether 
the Ebasco assumptions and their conclusions are too > modest or otherwise 
will be borne out by 1972 up to which year the forecast was made. 
former Suez Can: al Company is to be complimented for its projected 
Ninth Program of Works whose plans were completed in the Eve of Raima | 
ization. It is hoped that such works would be executed, with no less scale and > 
longer lag, by the present Suez Canal Authority. 


M 


r. Leslie challenges the author to express his views on the economic as- 
x pects of the Canal and, in particular, on whether the Canal can keep pace with © 
the rapid increase in size of modern tankers, or whether that commerce will | 
go outside, and the Canal lose the great bulk of its present commerce. rr : 
While the economic aspects of the Suez Canal, past and future, will be a 
_ treated among other things in a tengpnsd paper, the governing criteria of the = 
a coordi= 
nated transportation system of an entire nation if she is more or less isolated, — 
or from an internationally coordinated transportation system of a community | 


of nations if their economy is interdependent. ‘By “ “coordinated transportation 
|] system” ina nation or in a community of nations is meant an efficiently nadeandams 


| planned overall trans ortation system includin inland waterways, coastal and — 


ocean shipping lines, railroads, highways, and air lines. 
_ Just how well the coordination of an overall transportation system ci could be 

‘effected under * the stimulus of free competition | within a a system of free enter-— ~ 
prises, it deserves the best attention of statesmen, lawmakers, engineers, and | 
“economists. In the ultimate analysis of any transportation project, waterway _ 

or otherwise , long-range, true economy | can only be assured if it is justified ./ 
from a coordinated transportation point of: view, rather than from a Hirticular | ie 


_ Returning to the question of tankers transiting the Suez Canal, it is is obvious 
that their only competitor is the “big- -inch” ” pipe line. Whether the bulk fluid © 
commodity of crude oil or petroleum products flows by gravity or by pumping — 
‘pressure, the entire transmission- transport process from | source to desti- — iy 
nation requires trans-shipment handling facilities, pumping ‘equipment, and ‘4 

storage installations, besides the pipe line, 
Although, after World War II, the 30- and 31-inch Trans- -Arabian pipelines ; 

rr been completed to carry: oil from the wells in Saudi Arabia 1200 miles ca ery, 
to Sidon on the East Mediterranean in Lebanon, where it is stored for trans = 
_ shipment by tanker to Western European countries; the pipe lines, however, 

Pers only a - total of 117,988, 503 barrels in 1955 which is about one- ~third B. 


additional pumps. on the line, and raising the pumping pressure, 


‘Trans- Arabian Pipe Line Company expanded their throughput by some 25, 


barrels daily in the first half of 1957. RA. the increased throughput were main- 


barrels. " Comparing this figure with the | over 600, 000, 000 barrels of crude oil . 
products transported by those Jersey (Standard Oil Company of Newt 
Jersey, a a holding company) companies alone having shipping operations during 
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e single year of 1956, the capacity of trans- diem. a is mse. about — 


one- ~fifth of the shipping of the tanker fleet of Jersey. oot | 


supply Western European countries, the t tense situation of Middle East does _ 
not encourage the international oil companies to further invest inthe pro- 
vision of additional transmission capacity, unless: sabotage threat is perma- 2 

_ Marine transportation is flexible in route and versatile in use. Besides wy 
the large fleet of self-owned tankers, the petroleum industry has used many ~ 
special-service vessels, numerous coastal craft, and, in addition, chartered a a 
— number of tankers from outside sources. = | 
_ The undesirability of being dependent upon charters from outside interests 
in time of emergency has led to the industry’s policy of assuring a substantial 
coverage of necessary marine transportation through owned ange. ‘This 

_ policy is reflected in an accelerated program of tanker building. In 1957 

BR ces the industry had on order, , or under construction, nearly one hundred 
ocean tankers, of which, owing to the trend toward larger, more economical - 

_ vessels, about a score of them are of the 46,000- ~dead-weight- ton class, some at 

Thus, the tanker traffic will continue to increase the future. to the 
forecasts of traffic ‘that would transit through the Suez Canal, the writer wish- | 
es to call Mr. Leslie’s attention to the second part of Mr. Blanquet’ 8 dis- mig: 


wer 
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__ Measured by the 1955 net earning realized | by the former Suez Canal le 


a - Company, the Canal revenue could bring to Egypt through the management ren 
ie the Suez Canal Authority a net revenue not less than 6 to 7 per cent of the total 
treasury revenue of Egypt. | Unless the Canal can keep pace with the rapid in- 
y crease in size of modern tankers, the purpose of Nationalization would be de- 
4 feated economically. _ The writer believes — will —* with the increase 


in size and number of tanker fleet. a 


pe Canal and the sea-level Cape Cod Canal in New England. baat dif 
_ Governor Potter has contributed an invaluable and most interesting = 
cussion by setting forth the parallel engineering purposes and common heri- | 
- tage of the Suez and Panama Canals, the success of de Lesseps at Suez and a4 
his defeat at Panama mainly due to disease, the international treaties and . | a 
‘ Congressional Acts relative to the Panama Canal, and the physical differences — 
~~ Besides those pointed out by Governor Potter, it is of interest to note the _ 
= are in. in common between th the Suez Panama Canals: 


(1) Geomorphological Similarity. —Both isthmuses lie in ‘the no: northern hemi- 


mn and in approximately east and west direction. _ Hence, both canals run 
in nearly north and south direction. Both canals join with a sea on the north 
— a gulf on the south; Mediterranean Sea and Gulf of Suez in the case of the 


a 2 Suez Canal, , Caribbean Sea and Golfe de Panamd in the case of the Panama 

_ (2) Sea Level-Locks-Sea Level Sequence. -If the time scale for the ‘Suez Roa 


developaroat is reduced and that of the ‘Panama stretched, one readily sees: 
a os their historical unfoldings have e revealed much in ‘common in the order of — 
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‘man’ application of his despite that at at a sea- 
canal and the other isa lock canal. at ied 

i _ From the time of the Pharaohs of Egypt circa 1920 B. Cc. to the time of a 
Second Ptolemy in the early half of the third century B.C., the Suez Canal of 
the ancients had been without lock; the Second Ptolemy had a lock (maybe a so ie 
diaphragm, , but the Old English meant a lock) built. Even at the beginning of 
constructed before the q question of cutting through the Isthmus was miadeeed. = 

- Until 1855, the Linant-Mougel plan was still with a lock at each end. Finally, _ 

the present sea-level canal was vas built in 2 in accordance with the 1859 plan. “eb a 

— ‘Panama Canal has shown the same course of man’s thinking. In the ed 

-1010%8 and 1880’s de Lesseps insisted that this one should be like the Suez _ 

 « ditch, at sea level, without locks. The seememersireumead of excavation in 1882 


. _ After the United States bought the interests from the French company, “ sea- 


level versus lock canal” has been at issue ever since periodically. A ‘Board — 
a of Consulting Engineers ' was created on 24 June 1905 by President — 
Roosevelt whose instructions in part stated: 


a - - [hope that ultimately it will prove possible to build a sea-level bee 

_ Canal. Such a canal would undoubtedly be best in the end, if feasible, pigiar $ 

and I feel that one of the chief advantages of the Panama route is since a 

on 10 June 1906, the ‘Board of Consulting Engineers a two reports 

, ‘The majority report, signed by eight members, favored a sea-level canal; the 

minority report, signed by five members, favored a lock canal which was con- 
curred in by the Isthmian Canal Commission and supported by its Chief Engi- 

John F. Stevens, Hon. M. and Past- President, ASCE. An Act was then 


71 of President Roosevelt on 29 January 1907. ’ ‘The Panama Canal as constructed > 
between 1904 and 1914 has six sets of locks. _ 
2 The completion of the Panama Canal did not terminate the issue of “ Ns ‘sea- 
level versus lock canal.” A 12-volume report on the study of a proposed <i 
“level Panama Canal was prepared by the Corps of Engineers and printed in i 
1945. ‘The Seventy-ninth Congress, First Session, ¢ expressed the temper of ms 
7 concern for the security of the canal by passing Public Law No. 280, which was _ 
proved by President Harry 8. Truman on 28 December, 1945, and by which 
the Governor of the Panama Canal was authorized and directed to make a : 
comprehensive review and study. Investigations under Public Law No. 280 — 
disclosed that t only an Isthmian sea-level 1 canal will meet the future needs of ‘ 


entitled “Sea Level Plan for Panama Canal,” ” by J. G. Claybourn, F. ASCE, | 
Trans. ASCE, Vol. 114, 1949, pp. 572-606; and Paper } No. 2378 entitled 


“Panama Canal— The ‘Sea- Level Project, A Symposium,” ibid., pp. 607-906. 


‘Thus, both canals have undergone the same sea level-locks-sea level se- _ 
- quence of considerations, except that in the case of the Suez Canal the time 


_ has stretched for nearly 4000 years, but in the case of the Panama | 


anama Canal the 

i time has elapsed for only about 80 years. 

(3) British Intervention. —The United i Kingdom ¢ exercised opposition and 
_ intervention during the early days of promotion in both cases. Her almost a 
_ inexplicable opposition in the case of the Suez Canal when Lord Palmerston 


Pr Prime ‘Minister be found in George Edgar-Bonnet’s book entitled 
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‘Ferdinand de Lesseps— Diplomate—le créateur.” aid In the case e of | the 
os Canal, the British attitude was fully reflected by the conclusion of the 


Clayton Bulwer Treaty y of 19 April 1850 and the Hay-Pauncefote T Treaty of 


(4) Neutralization. Suez Canal was neutralized by an accord between 
a _ the Porte (Turkey) and eight European nations on 29 October 1888. . Similar oe 
Clauses of agreement were provided in tne Hay- Pauncefote Treaty. 
(5) Stepped Up Benefits to Egypt and Panama. —De Lesseps originally | made 
in the Suez Canal Company’s Statutes for the annual allowance to 
Egypt of 15% of the profits. In the 1936/7 Agreements, the yearly allocation - 
by the Company to Egypt was increased to £E 300,000. Under the Convention | 
é signed on 7 March 1949, the Egyptian Government received a 7% share of the 
gross profits. This amounted to over £E 1,125,000 for the year 1951. In ote 
H fo dition, the Company paid a whole series of taxes in Egypt, which in 1951 "TT, 
i ‘ ae reached a total of nearly £E 3,000,000. On the eve of ' “nationalization, "the — 
Egyptian Government’s share in profits and Egyptian taxes payable by the 
& Company and by its security holders, amounted to no less than £E 4.4 million. — 
There was also a provision of increasing employment of Egyptian personnel ~ i 
a in the 1936/7 agreements; and in accordance with these agreements, sore | 
' E: _ personnel received the same scale of salaries and wages and enjoyed the same > 
a employment benefits as the non- Egyptian personnel, save for the expatriation | 
g In the case of the Panama Canal, as provided by the 1936 Treaty and the | 
1955 Treaty and Memorandum there has been the same trend of increasing as 
annuity to Panama, establishing a single basic wage for Canal Zone agencies, f 
extending the Civil Service Retirement Act to to Panamanians, and affording 
differences the Suez and have been well 


i Shockley appropriately regards the restoration of the canal following 
‘the fighting in the later part of 1956 as ranking high in itself in ‘engineering 
= a works. He thinks very valuable if an account thereof could be added. A brief 
_ narration was written of the November 1956 Blockage of the Waterway, the 
Zz Clearance Operations from November 1956 to April 1957, and the Re- -opening 
Bs of the Canal on 24 April 1957. Due to words limit, all accounts subsequent to” 
"Nationalization were withheld for inclusion in a later paper. 
q General Wheeler, Consulting Engineer of the International Bank for Recon- 
_ struction and Development, formerly Chief of Engineers, U. S. Army, directed 
the aparstions in clearing the blockade under the auspices of the United 
Nations. The U. N. has not yet released a lengthy report. It is earnestly 
oe hoped that General Wheeler would some day V write his authoritative first- — 
account of the clearance of the blockade. He did a remarkable job at a crucial 
moment. _ Without a speedy clearance under the U. N., the pinch of the blockade 
e ‘Array of Untreated Events Calling for a a Later Paper q 
Space | limitation it in nthe s proceedings papers the con-— - 
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Egyptian Proclamation of Nationalization of 26 July 1956, social, eco- 
t nomic, and international aspects and what has occurred since that public a - 
~piti Encouragements for its presentation have been enthusiastically expressed 

by Mr. Boillot, U. S. Representative of Compagnie Financiere de Suez, an 

; historian of the Canal; by ¢ General Wheeler, who was responsible for wed clear- - 


Dr. Chou, with emphasis it in n the strategic struggles staged to keep ‘the Canal 7 
under control amidst the last two World Wars; and by Governor Potter, ~ ol 7 
interest in the aspects of the Canal since ‘nationalization. 
In such an international waterway enterprise as the Suez Canal, 
social, economic, strategic, legal, and international aspects are of paramount ” 
importance in its successful development, maintenance, as well as operation. _ 


= 


_ They are so intimately associated with such an interprise that engineering a. 
Y administration alone would not accomplish its mission should the broader as- | 


or _ The array of untreated events that would constitute the essential contents 
of a later paper should include: We. 
Sublime Porte’s against the Principle of Excavating the 


_ Growth and Pattern of Canal Traffic, 1870 to 
- Reduction of Transit Dues, 1954 


3 Economic Life of the Isthmus since 1889 
Social Aspects of the Former Canal 
13. Piloting and Convoying of the Former Canal Company. 
4 14. . Egyptian-British Agreement on the Sudan in 1953 and Its Consequences. 

15. The Nationalization of the Suez Canal Company on 26 July 1956. I, 

16. Defense of the Suez Canal Company from the Morrow of 26th July 1956 ta 


+ 17. _ The Joint Statement Issued in London on 3rd August 1956 by the United 


British and French Governments. August 1956, and 


ence on 22nd August — 
ame Announcement of 12 September 1956, that the Suez Canal Sere om 
Association Would Be Set Up. oth 
i 20. The Second London Suez Conference Held between 19 and 21 September 
‘Se Passed by the United Nations Security Council on on 13th 


ted K tober 19 = 
@ Consideration by the United Nations Security Council, 29-31 siete 


| 
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_ 8. The Chronicle of Legal Aspects, 1854-1956. 
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997 (ES- _ Request by USSR for Consideration by the 


Security Council on 5 November 1956. ot 


. The Blockade of the Suez Canal Waterway early in November, 1956. 


24. The Pinch of the Suez Canal Blockade upon, and Emergency Oil 


Shipments to, Europe, End of November 1956 to April 1957. 


Action by the United Nations General Assembly at Its Eleventh Session 
Bic ad to Secure the Withdrawal of Israel, French and United Kingdom Forces 

Egypt, November 1956-March 1957, 
age: — Renewal Call by the General Assembly for the Withdrawal of Israel 


am 


vis French and United Kingdom Forces from Egypt-Resolution 1120 | 


Roa _ (b) Development of the United Nations Emergency Force (UNEF), 5 


c) The Withdrawal of French, 
November 1956-24 January 1957. 


26. + The Suez Canal | Clearance Operations, November 1956- April 1957. 


The Re-Opening of the Suez Canal on 24 April 1957. 
(28. - Declaration on the Suez Canal and the Arrangement for Its Operation 


4 


by Egypt on 24 April 1957, Embodying 10 Main Points. q 


The Transformation of the Suez Canal Company into Compagnie 
pa Financiére de Suez, A Societe Anonyme au Capital de 10,747,750,000 


Francs by Decree Dated 17th December 1957 


ss! of Compensation Due by Egypt asa Consequence of the Nationalization 


of the Canal, from the Visit to Cairo of the President of the Inter- 
national Bank for Reconstruction and on 9th November 


on 29th April 1958, subject to Ratification. p 

. International Bank for Reconstruction and Development Loan to Help 

Deepen Suez Canal in April 1958, and Dredging Operations 


_ The Signing of the Agreement at! Geneva, on 13th. July 1958, between a 5 


the Government of the United Arab Republic, Compagnie Financitre de 
Suez known as Compagnie du Canal Maritime 


Se The Operation of the Suez | Canal by Egyptian Govermnent bis the Re- | 


Spent to traffic on 24 April 1957. 
an to presentation of the above 33 topics will complete the CHRONIC LE and ; 
tae. bring the events of the Suez Canal up to the present. _ The reception of the ie . 


paper under closing discussion determines the later 
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Although the paper truncates the chronicle at the time of Nationalization ee q 
leaving the rest to a later paper, , the bibliography covers published material 
up to the time of writing the paper, ic. endof1957. 
i Mr. Bostian poses two interrogatories, sae . Where all or a large number + 
of these references could be found,” and “what -percentag e could be expected 
to be found in the library of the average engineering school?” To answer the b san 
r former, it may be said that the Library of Congress, the | Library of the City ary 
_ of New York, and the Engineering Societies Library in New York, in their © a. 
combined holdings, contain practically all of those listed in the bibliography. _ 
In Europe, one may also find nearly all of them in the nationale 


a - schools, library conditions vary greatly. However, the major items in the a 
of the bibliography may be found i in the larger libraries of engineering = 7 

colleges, and particularly in the library collection of the Rivers and Harbors ; 

‘Section, Department of Civil Engineering, Princeton University, Princeton, © 

J., and that of Duke University, Durham, N.C. 
> Professor Morris mentions two references on the geology of the Canal 


esting comparison fia all major canals, including the Suez Canal; Mr. Blanguet 
refers to detailed report on model tests by Suquet-Barbier-Gamot, ‘and the | =) 
-Ebasco Report; Mr. Bostian adds Encyclopaedia Britannica for a notable entry 
on 1 the Suez Canal—all these 9 items together | with 18 additional entries the ae 


107 t l 

— to 133 as an extension of the Bibliography: | 

on | 107. Diodorus Siculus-World History Ending with Gallic Wars; in Greek, "a 
q e 40 books, of which I-IV and XI-XX are fully preserved; written circa 60 — 4 


___-B.C.; the Loeb Library Version is C. H. Oldfather’s translation; Loeb Pt 
Classical L Library was founded and endowed by James Loeb, 1867- 
banker and Philanthro 
100, Andree, -Richard- Handatlas; ; 1881, 18 1923; ‘Vering von 
 &Kilasing, Bielefeld und Leipzig. 
109. _ Droysen, J. G. = Allgemeiner historischer Handatlas in sechsundneunzig 
mit erlauterndem Text, -ausgefihrt von der geographischen 
stat von Velhagen & Klasing in Leipzig, unter Leitung von Dr. Richard 


Andree; 1886; Verla von Velhagen & & Klasing, , Bielefeld 

110. Canal Company— _Bulletins 1910-1925. 

111, Doula, Georges- 1’ L’Attaque du Canal de Suez; 1922 4 id 


“13. Krenkel, Erich— —Geologie Afrika; Vol. I, 1925; Vol. I, 
Part 1, 1934, Part 2, 1938; Verlag von Gebriider Borntraeger, 

114, Kirkpatrick, ‘Ralph Z: Commerce Diversion-Suez to Civil 
Engineering, ASCE, Vol. 11, No. 6, June 363 ff. 
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, ns. ‘Bulletin of the Suez Canal | Company y (English Edition); Bulletin de la — 
Compagnie Universelle du canal Maritime de Suez (French Editio 


September, 1959 V 

115. 7 _ Report on the Study of A Proposed Sea- Level Panama Canal; in 12 Vols. 

tips 1945; Corps of Engineers, U. S. Army. (It contains interesting compari- 7 
son of all major canals, including the Suez Canal. 


(1949, Permanent International Association of 
gation Congresses. (The arduous technical problem of protecting the 
banks of the Suez Canal from erosion caused by the passage of large 
 Panl fthe S Canal f d by th fl 


“117. Suez Canal; The Encyclopedia Americana, 1949, Vol. 25, pp. 799- -801; e 


Edgar- Bonnet, George— Ferdinand de Lesseps—Le Diplomate - “le 


Créateur de Suez; 1951; Printers: Plon Library; | 8 rue 


119. Leroy, M; Report (Rapport) on Inland Navigation (Navigation Interieure); 


eo Section I-Communication 1, pp. 109-155, XVIIIth International Navigation 


Congress, Rome, 1953, Permanent International Association of Navi- _ j 
gation Congresses. (The arduous technical problem of protecting the _ 
a banks of the Suez Canal from ~—" caused by the passage of large oi 
Canal; Encyclopaedia Brita 
Encyclopaedia Britannica, Inc., London. 
121. EBASCO Report; A report on Traffic Wishing to ies the kh ‘Canal up 
™ 1972, to the Suez Canal Company, by Ebasco Services. Incorporated, ) 
1m _ The Suez Canal Company and the Decision Taken by the Egyptian 
"Government on 26th July 1956, Second Part (August 1956-May 1957); 
es May 1 1957; ‘Universal Company of th the Suez Maritime | Canal, Paris. 


123. ‘Barbier | et Gamot : Etude expérimentale des phenomeénes a ac- 

- compagnant le transit des navires de fort tonnage dans le canal de Suez; 
Annales des | Ponts et Chaussees; Vol. 127, November - ~December we 

pp. 709- 736, ‘Vol. 128, January- February 1958 , Pp. 


all Dollar Statement of Suez Canal Company Balance Sheet as of December 


- $1, 1957 and Accounts for the Year 1957; The Universal Company of the ; 


a): 
Nos. 1 to 2339; The last three issues: No. 2337, January 1958; No. 2338, 
_ Février 1958; No. 2339, May 1958, contain full information on th the f final — 
a status of the former Suez Canal Company; The Universal Company of the 


+ Egypt Deepen Suez Canal; Engineering News-Record, Vol. 160, April 17, 


4, 
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128. Low Bid Suez Canal Engineering Record, 
161, No. 3, July 17,1958, p. 60.0 


129. Manhattan Dredger Writes I in New Suez Saga; Investor’ Ss 
Bn Reader, July 23, 1958, pp. 12-14; Merrill Lynch, Pierce, Fenner & 


130. Suez Award Holds Surprises; Engineering News- sian , Vol. 161, No.6, 


131. Schoon, H. Suez Dredging Holds More Surprises (letted to the 
editor); Engineering News- Vol. 161, No. 13, September 25, 
132. U.S. Dredge Off to Suez News-Record, Vol. ‘162. 


133. - Giant Hydraulic Dredge Is ; Off For Work in Egypt; Civil Engineering, o5 


ASCE, Vol. 29, No. 4, April 1959, p. 108 (Vol. P. 298). apie 
This humble effort to document and list the available published works, __ 


records, and literature relating to the Suez Canal has no comparison with the 
_ “approximately 7,000 items” the Canal Zone Government Library has cata- a 
-loged « on the Republic of Panama and the Panama Canal” as cited by Governor - 
Potter. | Despite that a complete bibliography on Egypt and the Suez Canal _ 
would outnumber that of Panama, it should be recognized that published works _— 
on the Suez Canal is comparatively scarce due to (1) its earlier construction | im 
_ by about half a century in a period publication was not as easy as the ‘twentieth — 
century, (2) less construction at as at Panama, (3) private 


‘fame on this side of the ocean. ‘ti 


Mr. as well as the author that on Page 1770- line 14, the 
-~year “1958” should read “1858”. And on Page 1770-11, line 19, the author 
In closing, the author wishes to thank all of the discussers for their slide « 
thusiasm in contributing so much valuable comments. It has been his greatest a 
pleasure to carefully read the discussions and to ponder further on the subject a 
while writing this closure. . If the paper has supplied a need for authenticating _ 
z the Suez Canal events, has served a framework for further study, and has Api 
"provoked any historical interest on the subject, the author will feel more than oe 4 


shall be if those shall pronounce my useful who. 
to give a view of events as really happen.” 


127. Bulletin, Compagnie Financiére de Suez; No. 1, July 1958, and succeed 
ing issues; Compagnie Financiere de Suez, Paris. (The settlement 
reached between the Government of the United Arab Republic andthe 
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NAVIGATION ON ON: THE COLUMBIA RIVER® 


Closure by R: E. Holmes 
. RAY E. HOLMES, 1 F. ASCE.—Mr. Hickson, through his long experience on 
the Columbia River, contributes several items of additional informationon  __ 
_ the subject for which the author is grateful. isi‘ 
4s Since publication of the report, improvements for navigation have occurred _ 
which should provide additional stimuli to the growth of navigation on the wen q 
river. Pinnacle removal has been completed in Bonneville pool, andthe 
greater part of the channel between Bonneville Dam and Vancouver has been — 
_ restored to a 27-foot depth. The balance of the work is scheduled for com- 
_ pletion ¢ early in 1960 a and will make available a deep- aren Cremeans ao to The 
‘Dalles, Oregon, 190 miles inland from the Pacific Ocean. 
_ Movement of alumina from the Orient directly to an aluminum plant at The | 
“Dalles is expected as soon as the channel is completed. — ‘Movement of other Me 
“commodities such as products of agriculture and mining should follow. Mi. F< 


a. Proc. Pape Proc. Paper 1789 , September, 1958, in Ray 
1. Chf., Rivers & Harbors Section, Dist., of Engrs., 8. 
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DAVID M. ROCKWOOD, 1 A. M. ASCE. —The author wishes to thank 


routing procedure he describes is similar to Tatum’s method 
Averages,” as set forth in Linsley, Kohler and Paulhus’ “Applied Hydrolo- mm 
8 »(1) except that the coefficients are derived by statistical weightings rather | 

than by an arbitrary weighting system. With regard to Mr. Snyder’s system, — 

_ the method of statistical weighting may give unrealistic values of distribution — 4 
coefficients. This is illustrated by the values of the ordinates for the function © 
shown on Fig. A-3 of Mr. Willard’s discussion. Here, the sum of the ordi- io 

nates at the end of each 4- -hour period is approximately 1.35. . From a strictly 
rational point of view, the sum of the ordinates should equal unity. Thede- 

_ rived unit distribution graph shown on Fig. A-2 for the local area inflow has a 
_ Volume of about 0.31 inches rather than the theoretical value of one inch. Be 

this particular flood event as analyzed by Mr. Snyder, it appears that the sta- 

tistical procedure “over-weighted” the channel routing coefficients, and a 

q “under-weighted” the local inflow y coefficients, | in order to provide a best fit i 7 

of the data as a whole. It would seem particularly desirable to have the sum 
_ “of the channel routing coefficients equal to unity. For the local inflow, the — 


4 


_ derived coefficients may reflect | differences between a assumed precipitation — 
iy In closing, the author wishes to generalize briefly on streamflow routing 
procedures. There are almost as many and varied routing procedures as 
7 _ there are hydrologists who use them. The methods range from a very simple 
* and empirical approach, to a highly complex theoretical analysis of the hy- a 
} _ draulics of non-steady flows in open channels. ¥ In any case, it must be re- 
membered that the basic ingredient is hydrologic data whose : accuracy will a 
on always involve errors of measurement and approximations of estimates. | — 4 
sider | the problem a asa a whole, ‘including the type of channel, type of study, = if 
& of varying backwater conditions, basic requirements of accuracy, time 
for solution, relative e importance } of results, and the resources available ble for 
_ the case of the procedure outlined by the author for the Columbia River _ 4 
Basin, , the prime requirements were speed of operation, ability to adjust rout 
- and forecasts on the basis of observed streamflow conditions from day- 
a to-day, computer drum storage space limitations for storage of routing — 4 
ficier ficients (rather than u nit hydrograph or ordinates), , and the practical limitations 


ood 


a. Proc. Paper 1874, December, 088, by x David M. Rockwe 
Hydraulic Engineer, U. S. Army Engrs., Portland, Ore. 
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_ justing routing values to observed streamflow conditions, tabulating and key- _ 


oo panties input values of streamflow and forecasted snowmelt, and the actual ae 
a running time on the computer. The routing procedure selected is one which .. 
made possible by use ofa medium- ~speed electronic digital computer. The 

s procedure is intermediate in the scale between an entirely empirical santhed 
and a highly complex theoretical approach. The concept of the use of time of ii 
is fundamental to this procedure. The fact that Ts can be com- 

_ puted directly for reservoirs of known storage and outlet characteristics -_ 

_ ables the engineer to evaluate explicitly the inflow-outflow relationships for 
‘The application of the technique to evaluating storage effects in 
iv er channels by successive short reaches (or phases) of reservoir- ~type 7 
"storage has been demonstrated. There is a physical relationship for open 
bees between time of storage, Tg, and the storage and flow characteristics 

‘ : ina given reach, which may be evaluated directly for ' reaches where these 


conditions are known by use of Eq. (5) in the original | paper. ‘The trial and 


- soa procedure used in evaluating channel routing coefficients is actually “a 


matter of verifying or refining values derived | mathematically from general- oe 

ized streamflow and channel storage data. The procedure has the additional 
provision for varying the time of storage (Tg) with discharge; this is ‘eiiiti, 
_ as the travel time of flood waves is known to vary with the flow con 
dition. Any function may be inserted to account for this variation. It has also_ 
— shown that successive routings through reservoir-type storage can be __ 
used to distribute runoff from rainfall or snowmelt, and by varying the routing 

coefficients, any desired shape of distribution may be obtained. 
_ The procedure has been used successfully for forecasting streamflow a 
5 the Columbia River Basin during the flood season for three years. For cach 

LF year, forecasts were made each day for 30 to 35 consecutive days. ‘Results 

have shown it to be entirely feasible, and the principal errors in ciitieaies” 
of forecasts were due to unforeseen weather conditions. In addition to stream- 
- mum probable flood for the Salmon River Basin, which drains about 14,100 | 
7 a Sq. Mi. in Central Idaho; evaluating the effect of loss of valley storage in the 


' Priest Rapids-Wanapum reach of the Columbia River, located just upstream 


from the mouth of Snake River; and for general hydrologic studies of coal 


_ melt and runoff conditions for each of 21 sub-basins in the Columbia Basin. 


Hydrology, McGraw- -Hill, ‘New York, 1949. je 


flow forecasting, the procedure has been used in the derivation of the — J 
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GENERALITIES ON COASTAL PROCESSES AND PROTECTION@ 


R. SILVESTER. 1—The author is to be for attention 
th the pace pe of groins. The writer has recently come to the same con- 
qt clusion (1) althougn he would not support wholeneartedly the alternative sub- — 
= mitted, that of artificial nourishment. He would prefer to see the offshore 


2 breakwater used more widely. ‘These, floated into position and sunk in echelon 


the same problems of down-coast erosion would arise, but this can be 
moved to an undeveloped section of coast or the end of a physiographic a 
‘The author states “It is clear that in the absence of a resulting lateral 

_ transport groins or other structures designed for or having the effect of im- 


_ peding such transport have no meaning. On the other hand they are also rather 


_ harmless. ” Although the situation is rather academic, the writer would dis- 
agree with the latter sentence because storm conditions could sponsor rip 
currents more readily in the moon-shaped beaches between the groins een on on 
a plane beach. These currents the of reach of the waves or 


in general not fully appreciated, is that occurring at the updrift end of a Se 
_ physiographic unit. Such a situation is a sharp change of direction in a coast- 
line where sediment is being removed from a “cape”. As time goes by the | 


: littoral drift diminishes as the sand nearest the cape is removed and the waves: 


find it harder to remove the remainder. _ Downdrift of the ¢ cape, where once ies 

_ there was a substantial littoral drift, becomes “under- nourished”. ‘The effect ’ 
this may not be exhibited on the foreshore for many years. 
‘The author states. “An important point in favour of artificial supply is the 


* 


avec 


Certainly them in size is an uneconomical 


= allowed to ) silt 1 up or to be undermined like any natural rock outcrop. eis) 


= 


of 10 to 20 m. or even more.” This seems to im l ase sictaas cannot be 


Li . Proc. Paper 1976, March, 1959, by J. B. Schijf. ee 


1. Senior Lecturer in Civ . Eng. (Hydraulics), University of Western Australia, a 


fact that it does not entail a permanent commitment. It can do no harm.” . oa 
- might be said that groins | also may not be a permanent commitment. . They can 
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it with wave action. _ Evidence is available from nature and scaled models to p re 
- show that sand can be moved in such depths solely by wave action. The mass- a 
transport | “current” and other phenomena associated with the oo al 
motion of the water particles at the ocean bed effect a considerable movement. 
ie all points to the fact that groins have little influence on the anes width — 
ocean bed over which coastal sediment movement takes place. 


| 


ars 


ogal 
‘ng 4 
x. @ 4 
7 
af 
PAY entire % fos ott 
fo 


— © 


(HY Lrrigata 
und Foundations 
W}, divisions. Papers. 
ola (PP). For titles and order 2 
ith Velume 62 (umgry 4959) papers 


Journala of the 
ocate pipers in thedourmiis, after paper umber are 
che particilar Journal in whieh the paper 

850 hie¢h indicate@that the 


appeared 


7S000R3), 
(WW), 
1833 1694 
1642(sua), 1843 i 
185 BAG), 1852 (Sag), 1859 


8), 1863(P 1870(P PR), 1871 (PP), 1872(PP1}, 1875 (WWS), 3 


VOLu (1980 
“4803 (AT. 


ry; 1), 19 

4 


2008 


262 


208 


tS), TS), 


= ipeline {PL}, Power Baxitary y 
Department af Conditions of alerwaysand Harbors 
designating 
— 
— 
— 
— 
— 
2007 


ban October, 1959 
WALDO G. BOWMAN 


LES 
FINLEY CRA! LET EG. 
WILLIAM j. HEDLEY FRED 
‘RANDLE B. ALEXANDER VEAT 


EXECUTIVE “SEC 
H. WISELY 


SEPTEMBER 1959 — 3 


VOLUME 85 


q 


JOURNAL OF THE WATERWAYS AND HARBORS 


| 
—— 
AY 
— 
— 

— 

| 
— 
| 


ACT IVITIES 


DI IARBORS DIVISION 


CONVENTION PLANS 


on With the IIE Convention less than one month away, it is interest- 
“ag ing to review the work of the Waterways and Harbors Division Committee on y 
oe .. Session Programs, which arranges all the technical meetings of the Division. as 
While the Los Angeles and Cleveland Conventions may be considered tered 
— over the dam”, they should be more aptly classified as “feathers in THe 
“the Committee’ S cap. Colonel Carroll T. Newton and Richard M. Gensert, 


ed. 
E. Root, CEC, USN, ‘an for the ‘Washington 
- = furnished so many suggestions for papers that it was difficult to choose 
i _ those for inclusion in the four sessions allotted our Division. The Coastal * 


sented by outstanding engineers on most interesting subjects. - So, Say. ll 
both October 19 and 20 for Waterways and Harbors Etvision sessions if you 


ways and Rarbore Division will be "represented by sponsoring one or more — 
papers. Tentative arrangements have also been to the 


opyrig e American society of Engineers. 


— 
| = 
Brobeedings of the Ame: 
— — 
— 
ij 
ae — 
— 
— 
— 
“6 3 { a Facilities will sponsor one session each and the Committee on Ports and Ps 
_Harbors will sponsor the remaining two sessions. The papers are bein re- q 
| Moving on to the New Orleans Convention in March 1960, William (Bill) Re a 
| Cobb got off to such a flying start as contact member that it was necessary Ban 
— ba _ to request and we have been allotted five sessions for this meeting. At the 8 ic 
t writing, th d 
present writing, the program is being reviewed by the Division | 
|  -Reaching further into the future, the Committee has been fortunate inob- 
a q _ taining Harry A. Dettmer as our contact member for the Reno Convention in Be Be 


June 1960. He has worked up a list of possible subjects 
authors covering projects on the West Coast. This list has been furnished 
the Chairmen of the respective Technical Committees for consideration in ‘ i 
be _ developing the program which they may wish to sponsor for tt meeting. We 7 
‘Sn have been tentatively allotted four sessions for this meeting. — Ju. a 
cg Brig. Gen. Alden K. Sibley, Division Engineer, U. S. Army, New England x 
Division, has been appointed “ “contact member” for the Boston Convention in 
October 1960. The Committee has requested allotment of four sessions for ad 
REGULATION OF coasral. STRUCTURES | 
mt Herbert Gee, of the | Task on a 
E Coastal Structures of The Division Committee on Coastal Engineering, re- | 


_ ports that his newly formed group has contacted each of the 30 governors of _ 


Be: states having coastal frontage on the Atlantic Ocean, the Gulf of Mexico, the — 

7 - Pacific Ocean or the Great Lakes. In each instance the governor was asked to 

. submit to the committee, information concerning the law in his own state as oe 


pertains to regulation of structures in tidal waters or in the waters of the _ 

date, full information has been received from 17 states. addition- 


ia als states have acknowledged receipt of the Task Force letter and referred the — 
, _ matter to the Attorney General. Three states have not replied and a follow- at 


M EE 


pani 


he ate; Lester W. Angell, a member of the the ‘Division Committee on Na on Navigation 
and Flood Control Facilities, now heads the engineering staff for the U. Ss. 
a | Study Commission, Southeast River Basins, and is located in Atlanta, Georg 
~The Commission is an independent Federal agency charged with making a wa = 
comprehensive study on the land and water resources of river basins in 
_ Alabama, Florida, Georgia, and South Carolina. Mr. Angell was formerly i : 
= Director of Engineering Design, Planning and Program for the St. Lawrence ~~ ao 
Mr. Thomas J. Fratar, a member of the Division Committee on Ports and 
Harbors, was recently elected a member of the Engineering Foundation Board. 


| Mr. . Fratar will fill the unexpired te term 1 of th the e late Leslie G. Holleran an and will a 
serve until May, 1963. The Engineering Foundation is the research organi- 
zation of United Engineering Trustees, _Inc., which is composed of the ASCE, a 

_ ASME, AIEE, AICHE and AIMMPE. ‘Mr . Fratar is adirector of ASCEanda 

A EXPANSION OF LOCAL SECTION ACTIVITIES 


7 
— 
q 
an 
+ 4 
tion with Local Section, and the members of the control group of the Comm- 
ittee have formulated operating procedures for the control group and for the ms ih 


ASCE and Division 1959- 36- 3 
Local Section Representatives. The objectives of establishing these operating 


To interest members in with the Waterways and Har- 


attention of local sections ‘and to. encourage local section 

sof waterwa d harbors subjects; 3 

To publicize the activities of the C Committee; 


improve the operations of the Committee. Under new 


procedures, the Committee should further ther expand the Division’ 


“he Committee members are as follows: 1 : 


Clifton T. Barker, Tenn. Valley Section 
_ Joseph B. Converse, Alabama Section be 
_ Richard F. Lyman, Jr., San Francisco Section a) 
C. Magnuson, No. Carolina Section 
Prof. Paul G. ‘Ithaca ‘Section 


Harvill E. Weller, Mid-South Section 
Basil W. Wilson, Texas Section 
Alfred C. Oklahoma Section 


E. ‘Nutter, the Port of Oakland and Chairman of The 
Division Committee on Ports and Harbors, reports that William T. Hogg, 


for The Port of New Orleans, and Richard G. 


‘Evan W. Vaughan of Parsons, Brinkerhoff, Hall and MacDonald will mm s 
come a member of the Division Executive Committee in October. Robert J. 
Winters, Cooridinator of Engineering for The Port of New York rk Authority, 


of Mr. Thorndike Saville, Jr., as Chairman of The 
Committee on Coastal Engineering was announced. Mr. Saville, Jr., ,is the 
_ Assistant Chief, Research Division, Beach Erosion Board, Corps of — = «= 
neers in Washington, D. C. Unfortunately, the Newsletter listed Mr. Saville, — ore. 
with his father’s title and address. The senior Thorndike Saville 


‘ 4 
| 2 
4a 
4 
| 
_ Director of Engineerin 
2 


rector, ‘Science and Engineering Center Study, y, University of Florida at We 
-Gainesvite, Fla. We regret any inconvenience this unfortunate confusion 


tween and son have caused. -¥ 
19-23, 1959 ton, | 
March wes ASCE, New Orleans Convention 
June 19- ASCE, Reno Convention 
October 9-13, 1960 ASCE, Boston Convention 
10-15, 1961 _ ASCE, Phoenix Convention 
q October 16 16-20, ASCE, New York Convention 
February, 1962 ASCE, Houston Convention 
October 1 15- 19, 1962 ASCE, 


ree NEWSLETTER 


eS oom 1959. The deadline for submission of copy for that issue is Octo- 


i o. 31, 1959. If you have any material that might be usable in the Newsletter — 


which will accompany the Journal, please send it to: wt sae erie 
= Editor, Waterways and Harbors 


Tippetts- Abbett- -McCarthy- 
Park Avenue 
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